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SUPPXEXEIPTS TO TEE MONTHLY WEATHEB BEVIEW. 

During the summer of 1913 the system of issuing publications of the Department of Agriculture was changed 
simplified so as to eliminate numerous independent series of Bureau bulletins. In accordance with this plan, 

among other changes, the series of quarto bulletins-lettered from A to 2-and the octavo bulletins-numbered 
from 1 to 44-formerly issued by the U. S. Wcather Bureau have come to their close. 

Contributions to meteorology such as would have formed bulletins are authorized to appear hereafter as Supple- 
ments of the MONTHLY WEATHER REVIEW. (Memorandum from the Office of the Assistant Secretary, May 18,1914.) 

These supplements comprise those more voluminous studies which appear to form permanent contributions to 
the science of meteorology and of weather forecasting, as well as important communications relating to the other 
activities of tho U. S. Weather Bureau. They appear at irregular intervals as occasion may demand, and contain 
approximately 100 pages of text, charts, and other illustrations. Subscribers to the MONTHLY WEATHER REVIEW, 
receive the SUPPLEMENTS without extra charge. Copies may be procured at the prices indicated below by addressing 
the Superintendent of Documents, Government Printing Office, Washington, D. C. 
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INTRODUOTORT. 

The objact of this paper is to make available for 
agricultural research and practice certain information 
which has been gained from an extended investigation 
of the principles and laws which govern periodical events 
in tho seasonal history of forcst insects and the time for 
the most eff cctivo treatment t.0 control or prevent their 
depredations. It is intcnded to show that there is in 
general a safest and best time for periodical farm and 
gardan practice to gunrd against or control insect and 
other enemies and to secure the best returns from the 
expenditure of money and labor and, by means of maps 
and calendars and tables of periodical events in the 
seasonal activities of common plants, to show how the 
safest and best time for certain kinds of periodical prac- 
tice can be approximately determined for any placo in 
the country. A further object is to give examples of the 
application of our present knowledge of R bioclimatic law 
to research and practice with the hope that these exam- 
plcs, empirical as some of them are, will servo as guides 
to the further investigations which are required, in various 
branches of science for all sections of the country, to 
furnish more exact information for immediate tlpplication 
in practice.' 

1 In 1 his connccllon I dosfro t o  ncknowlodgo tho vnluabloassistnnce 01 tho Oillco of Farm 
Manngcmont, through Mr. 0. E. Unkor, in supplying data on whoot sccding and hnrvost 
dntos; to Mr. Dnkcrnnd Dr.C.F.Brooks,f~rmorlyolthatoffl~,tODr.C. E. Loightyoltho 
Bureau of Plmt Industry and Prof. J. Warron Smith of tho Woathcr Burcnu, for roading 
tho originnl mnnuscript and making valunblo suggoslions on mattors rolating to tholr 
rospectivo branchcs of tho sorvico; also to Mr. Jacob Kotlnsky of tho Duroau of En- 
tomology for n roviow ol tho llterature nnd translations from RusSinn, German, and 
French on phonology and othor rohtod subjwts 

Needs of Natural Guides as Recognized in Early Practice. 
"ha need of natural guides to the best time, during the 

progress of the seasons, to  do cortain periodical farm and 
garden work, such as seed time and harvest, has doubt- 
less been recognized since the dawn of primitive agri- 
culture, The beginning of growth, the flowering of plants, 
and the appearance of certain kinds of birds and in- 
sects, which mark the advent of spring, have evidently 
been recognized by primitive man in all countries 
as guides to his hunting, fishing, and other periodical 
pursuits. The pioneer emigrants to this country evi- 
dently utilized tho knowledge of such guides as applied to 
tho plants thoy brought with them and gained additional 
information from the native Indians as to the value of 
periodical events in native plants as guides to the adapta- 
tion of their agricultural practice to their new envirou- 
men ts. For example the shadbush was so-called because 
it was recognizod by fishormen that when it was in bloom 
along tho tidewater region of the Atlantic coast it was 
time to  fish for shad, It was early recognized by. the 
white settlers in the East, or probably the information 
was supplied by the Indians, that it was timo to plant 
corn when the white oak or maple loaves were the size of 
squirrel feet, squirrel oars, or ''mouse oars," according to 
various interpretations, 01' when the do,gwood began to 
show white in the woods. The appearance of the robin, 
bluobird, swallow, the ground hog, and other animals 
indicated to them various stages in the advent and prog- 
ress of spring. 

6 
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Progress of Emwledge. * but it appears that investigations to determine the rate of 
The progress of a more scientific knowledge of natural 

guides to practice evidently began wit-h the so-called 
dawn of science. According to Giinther a it appears that 
the Athenians were the first to recognize the relation of 
plant life events in agriculture to astronomical phenomena 
and to assign to astronomers the task of correlating such 
phenomena with weather changes and to tabulate the 
information in the form of calendars and posters. Ac- 
cording to Pliny, Casar issued a calendar of periodical 
events which was used by farmers. 

It appears that the progress was slow in the discovery 
and utilization of natural guides to scientific investiga- 
tions and economic practice until about the middle of the 
eighteenth century, when the proposition of Linn6 for 
recording observations on tohe periodical phenomena of 
plants started the development of the science of phen- 
ology. The suggestions of other naturalists led to the 
recognition of the importance of a knowledge of the 
natural geographical distribution of plants and animals 
and the artificial distribution of cultivated plants and 
.domestic animals into the regions to which they were 
best adapted. The earlier observations on these sub- 
jects were for the purpose of recording the facts as they 
were found without regard to causes and laws of control. 

It is of special interest to note that it was the suggestion 
of Dr. G. H. E. Miihlenberg, of Pennsylvania, and the re- 
sultant studies b j  Dr. Jacob Bigelow: just 100 >ears ago, 
that laid the foundation for a most extensive investigation 
and literature in Europe relating to phenology and the 
rates of variation in the dates of. events with variations 
in geographical position. 

The results of Dr. Bigelow’s inquiry and inves tigationa 
in 1817 as to the dates of flowering of certain plants at  
various stations between Montreal, Canada, and Fort 
Clairborne in “Alabama Territory’’ were published in 
1818 under the title “Facts Serving to Show the Com- 
parative Forwardness of the Spring Scason in Different 
Parts of the United States.” Dr. Bigelow concluded 
that “it may be inferred that the difference of season 
between the northern and southern extremities of the 
country is not less than two months and a half.” 

By the middle of the nineteenth century considerable 
progress had been made in the investigation of periodical 
phenomena of plants and in the determination of the 
rates of variation with the variation of latitude, longitudo, 
and altitude, especially as applied to middle Europe. 

In 1830 Schubler,s guided it appears by the results 
recorded by Bigelow, discovered that the rate of variation 
in the dates of certain periodical events between Parma, 
Italy, and Greifswald, Prussia, was 4 days for about 328 
feet of altitude and 1 degree of latitude. In  1846 
Quetelet recognized a variation in dates with longitude, 

* Dio Phnenologio, by Dr. 8. GUnthor, 1895. 
*RumfJrd professorand lecturor onmateria modicaand botany in &ward University. 
4 Mcmoirs of the Amcriarn Academy of A r t s  and Scicnocs, Vol. IV, part I. 
8 Flora Rogonsburg, p. 353,ff. 
6 Anq Obs. R. Bruasols, Vol. V, p. 07,Bg. 

difforen>e were not attempted until 1865, when Fritsch ’ 
concluded that it was about four-tenths of a day for each 
degree of longitude earlier westward. In  1893 Ihnes 
found that the average difference due to longitude in 
Europe was about nine-tenths of a day to 1 degree of 
longitude. 

In  1900 the writer O arrived at an independent conclu- 
sion that for West Virginia there was an average rate of 
variation of about 4 days to 1 degree of latitude and 
400 feet of altitude, and in 1915 lo he concluded from 
phenological and other data from different parts of North 
America north of Mexico’that there was a country-wide 
average variation of about 4 days to 5 degrees of longi- 
tude, earlier westward and later eastward from a median 
point in the continent. 

Laws of temperature control. 

It was early concluded that the variations in the 
climate, with temperature as the main factor, was the 
principal controlling influence of variations in distri- 
bution and periodical events under different geographical 
and physical conditions. Therefore during the past 
century and a half most exhaustive studies have ‘been 
concentrated on the subject of temperature in its relation 
to the growth, periodical phenomena, and the geographical 
distribution of plants and animals. 

and even much 
earlier, ‘2 the idea of a sum total of heat required for the 
development of a plant has recoived special attention by 
meteorologists and biologists. This idea of the con- 
trolling influenco of the sum total of heat during the year 
and during various periods of development of organisms 
in the spring and the maturing of seed or fruit in the 
autumn was developed to an enormous extent, as shownby 
the number and volume of tho publications on the 
subject in many languages. These investigations resulted 
in various interpretations of the law of temperature 
control. None of these proved to be entirely satisfactory 
as applied specifically to plants and animals, because it 
was found that different species and variaties respond to 
the same temperature in a differont degree. 

The principal objects of investigations relating to the 
laws of temperature control were to determine reliable 
guidos to agricultural research and practice. The 
application of these laws of temperature control is 
necessarily dependent upon the temperature records at 
stations located at  more or less widely soparated placos 
throughout the region, country, or cont,inent included in 
a given line of investigation. The method of procedure 
is to determine the sum of effective daily temperatures 
required for the phases or periods of activities of a species 

Since early in the eighteenth century, 

Sitz, K. Akad. Wiss., Wicn, 1860. vol. LIII, pt. 11, p. 264, ffg. 
* Vcrh. aos. Dcutschcr Nnturf. Acrzto. Pt. 11, 1st half. Lclpzlg, 1894 (1893), p. 181, 

9 Bull. 07, W. Vn. Univ. hgrlcultural Expcrimcnt Statlon, 1900, pp. 242-243. 
10 Program of Work of the United Statcs Department of Agriculturc, 1915, p. 23.2. 
11 Rfnumur. Mom. Aced. Scl., 1735, p. 545. 
11 Abbe. Relation between C h t e  and Crops, WanhLngton, 1805, p. 1 8 .  

fig. 
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for the seasons or $ear by computing from the tempera- 
turo records of the regions in which the required sum or 
sums of tcmperature prevail. The result is then shown on 
a map by lines connecting the stations with equal sums. 
This method has been quite extensivcly used in connection 
with the discussion of many biological, phenological, and 
distributional problems. In  its broader application the 
results of these invcstigations have been of great scrvice 
as general guides to progress in investigations and 
practice. Notwithstanding the rccognized importance of 
temperature as a means of interpreting the influences 
which control the life activities of plants and animals, it 
has been recognizccl by many investigators, and especially 
those engaged in the study of pcriodical phenomena of 
spocies and varieties, that tcmperature is only one of the 
elements and factors which characterize tho climate of a 
place, rcgion, or continent. Therefore the inffuences 
which control periodical life activities are not to be found 
in one clement alone, but in the fundamental forces and 
the complex of elements and factors as a whole. The 
quite early recognition of this fact has led to the con- 
sidoration and investigation of the solar influence through 
diffuscd light and sunshine l 3  and to that of rain, snow, 
humidity, wind, and other phcnomena and clcments of the 
atmosphero; also tho modification of the inffuenccs of 
these clcments under the varying conditions of latitude, 
longitude, and altitude, all of which lias contributed to 
the further advancement of lrnowledge of this subject, 

Investigations by the Author. 
It was through tho suggostivc work of Dr. Merrjam 

on life Z O ~ C S ' ~  and with the idea in mind of somo other 
law, in addition to that of temperaturn control, which 
might be revealed through a study of the periodic re- 
sponses of plants and animals to the controlling inAucnccs 
associated with latitudc and altitude, that the writer was 
Icd to take up this line of research in 1595 in connoction 
with his cntomological work a t  the West Virginia Agri- 

While tho primary object of these investigations has 
been to solvc ccrtain entomological problems, it has not 
followcd that insects done were utilized as tho primary 
basis, Nccessarily the consideration of such a broad 
subjcct rcquircs the study of the forms of lifo which 
furnish the most conspjcuous and constant evidenco and 
at the same time ofler the greatest number and variety 
of fned objects throughout the seasons of their activity 
and rost. This is found in forest and shade trees, fruit 
trees and wild and cultivated shrubs and cultivated crops 
of tho farm and garden. These provide an unlimited 
supply of material at  all times and places and under the 
influcnces of varying physical conditions. 

I cultural Experiment Station. 

- 
l a  According to Abbo, Humboldt insistod upon tho nocossity of taking tho sunlight 

14 PubllcationsIrom 1890 to 1894. 
itsclf, ns such, litlo considorntlm In study& tho lnws of lib. 

Moreover, as the trees and shrubs and farm crops are 
the hosts of the insects, and the insects are subjected to 
the same controlling influences as the plants they infcst, 
the plant as tho host and the inscct as tho guest are 
inseparable in our search for evidence of the natural laws 
that govcrn tlicm and for natural guides in the periodical 
cvcnts of the plants to entomological research and 
practicc. 

During the period in which these investigations have 
been in progress the writer has made persond observa- 
tions in nearly every State in the Union. In  addition, 
extensive records have been mado under his instructions 
at  the field stations of the Branch of Forest Entomology 
of the Bureau of Entomology which have bccn located for 
the study of insect problems peculiar to the South Atlantic 
and GuIf, East Central, NCW England, Southern Rocky 
Mountain, Northern Rocky Mountain and Pacific Slope 
Statcs; also, at  intervals, special studies of local conditions 
and farm crops and €arm practicc have been made by 
$hc writer on his farm near Eanawha Station, West 
Virginia. 

BIOCLIMATIC LAW OF LATITUDE, LONQlTUDE AND 
ALTITUDE. 

The results of the investigations by the writer, supple- 
mentary to those by other investigators in this and other 
countries which havc a general bearing on tho subjcct of 
natural guides to agricultural research and practice, led 
to tho conclusions, that: 

1. The periodical phcnomena of plants and animals aro 
in rcsponsc to the influence of clll of the complex factors 
and elements of tho climate as controlled, primarily, by 
tho motions of thc earth and its position relative to the 
influences of solar radiation. 

2. The variations in the climate and conscqucnt varia- 
tions in the geographical distribution and periodical 
activit,ics of tho plants and animals of a continent are 
eon trolled by the modifying influences of topography, 
oceans, lakes, largo rivers, and of other regional and 
local conditions, and the amount and character of day- 
light, sunshine, rain, snow, humidity and other elements 
and factors of a general and local nature. 

3. Thcrc is a tendency toward a constant ratc of 
variation in tho climatic and biological conditions of a 
contincnt as a whole in direct proportion to variation 
in geographical position as defined by the throe geo- 
graphical coordinntcs, latitude, longi tude, and alti tude. 

4. Other conditions being equal, the variation in the 
time of occurrence of a given perioclicd evont in lifo 
activity in temperate North America is at  the general 
average rate of 4 days to cach 1 degrce of latitudc, 
5 degrees of longitude and 400 feet of altitude, later 
northward, eastward and upward in the spring and early 
summer, andithe reverse in late summer and-autumn. 



F'w. l.--lsophaunl map of North America in l - d e p  Mphanes and 5-dogTee phenological meridians; to show tho isophanal-map method of OxprcSSing tho bicrelimalc ha. 
iUS0 ShowIng the rubtion Of the 8\ UlXgO XlOrtblX l idts  Of treea and Crop& 
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5. Owing to the fact that all conditions are never 
exactly equal in two or more biological or climatic regions 
of the continent, and rarely alike in two or more places 
within the same region or locality, there are always de- 
partures from the theoretical time constant. 

6. The departures, in number of days from a theoretical 
time constant, are in direct relation to the intensity of 
the controlling influences. Therefore the constant, as 
expressed in the time coordinates of the law, is a measure 
of the.intonsity of the influences. 

The fundamental guide.-From the foregoing i t  appears 
that we have in this proposed biocljmatjc law of latitude, 
longitude and altitude, a fundamental guide to lines of 
research and practice as related to any periodical phe- 
nomena in life activity including that of man. 

The recognition of this law, together with tlie deter- 
mination of phenological constants as a basis for meas- 
uring departures due to regional and local influences has 
served as a guide to continued investigations by the 
writer and to the discovery of many supplementary 
guides and methods which are applicable to a wide range 
of scientific and economic subjects and problems. 

The results of the more recent invcstigations dis- 
cussed in the following pages, including a compre- 
hensive study and comparison of well-known facts of 
geographical distribution of plants and animals and 
thoso determined by phenological observations togc thcr 
with the conclusions as to the rates of varia-ion in 
dates of periodical events wit*h variation in gcographical 
positions, as recorded in literature and observed by tho 
writer, have furnished sufficicnt evidence to establish 
the bioclimatic law as a rcliable guide and worlring basis. 

(See figs. 4 to 7,) 

BYSTEMS OF APPLICATION OF THE LAW I N  RESEARCE 

A N D  PRACTICE. 

Thc more reccnt investigations by the writcr have 
becn with the object of developing systems of applying 
the Jaw in research and practice. I t  is believcd that 
this has been accomplished in the devclopmcnt of a 
system of maps and computing calendars and tablcs 
which, in addition to simplicity and economy in uso, 
furnish-in tho examples given-further cvidenccs in sup- 
port of tho law and its practical application. 

Elements of the system. 

Tho elements of tho system may bo briefly described 
as follows: 

(1) The isophaml maps.-Taking base maps of North 
America and of the major and minor political divisions, 
parallel lines (designated as isophanes) aro drawn on 
them to define, according to the bioclimatic law, thco- 
retical lines and zoncs of equal phenomena as to time 
of occurrence and equal bioclimatic conditions, at the 
same levcl. These isophanes may represent any de- 
sired interval of latitude to correspond to the time 
constant, from one-fourth of a degree and one day to 5 

41153-18-2 

degrees and 20 days. Longitudinal lines, designated 
as phenological meridians or pheno-meridians, are also 
drawn on the maps at approximately right angles to the 
isophanes to represent intervals of 1 dcgree to 5 degrees or 
morc of longitude (see figs. 1 and 2). 

The isophanes, instead of following the parallels of 
north latitude in North America, proceed from the 
Atlantic to the Pacific in a northwestward curve a t  the 
rate of 1 dcgrce of latitude to 5 degrees of longitude 
(fig. l), so that they serve as a diagrammatic expression 
of the average rate of four days variation for 1 degree 
of latitude and 5 degrcee of longitude. Therefore one 
of thcse lines across the continent a t  any givcn Icvel'of 
land surface represents, cateris paribus, thc same average 
phenological constant date of a semond event and the 
same average climatic and biological conditions. 

The phenological meridians serve to locate the geo- 
graphical position of places on or near the isophanes and 
to define major and minor quadrangles as areas and 
centers for biological and phenological observations and 
comparison. Thcy are drawn at intervals to represent 
1 degree or more of longitude according to the inter- 
vals of the isophtlnes on the map to which they me 
applied at the rate of 5 to 1. 

Numeral dcsignations for the 1-degree isophanes are 
adopted to  correspond to the number of the parallel 
of latitude crossed by them on the one-hundredth 
meridian of longitude (fig. 1). The one-fourth degree 
isophunes arc designated by the number of the isophane 
and small lctters a, b,  and c, as in figure 2. The pheno- 
logical meridians are designated by numbers for each 
1-dcgrce meridian, beginning with zero on the 125th 
meridian of longitude and running east to the Atlantic 
coast and from zero west to the extrcmc western coast of 
Alaska (fig. 1). Thus it is necessary to distinguish the 
eastern mrridians from the western ones, where both are 
under consideration, by the suf€ix of E or W to the merid- 
ian number. 

(2) The map calendar.-The map calendar is a fixed 
part of the map and gives tho dates of a given event 
computed from a single base for the various altitudes 
to bo found along tho course of the isophanes on the 
map as in figurcs 8,9,  and 10. For further dcscriptions 
of map calendars, thoir construction and examples of 
application, see pages 23, 31, etc. 

(3) The adju&able a& cornlmting CazendaPS and iahh.- 
The adjustable and computing calendars are separate 
from the map, hence may be constructed with computed 
dabs  from any given base or €or any subject, They 
are constructed on tbe same principle as the map calendar 
but diRer in that any number of them, representing 
different bwcs and subjects, may be prepared and 
adjusted to the same map, or may be used without a 
map if 5 list of tho locdties with their isophanal and 
altitudinal designations is given. The blanks for ad- 
justable calendars can also be used for computing dates, 
periods, or altitude levels from any given base and for 
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the isophanes and altitudes of anygivcn area or region. 
For furthcr descriptions and examples of application 
see pagcs 33 to 35 and the tables, figures 13 to 23, inclusive. 
(4) The aZtitude-limit tahle.-Thc dtitudc-limit table 

differs from the map and adjustable calendars in having 
the standard altitudes in the second longitudinal space 
of tho calendar blank on the isophanal lines at  intervals 
of 400 fcet to correspond to the intervals of the l-degree 
isophanes of the map. For further description and 
examples of application see page 24 and Table 3. 

Similar tables can be devised for computed annual 
or seasonal means of temperature, surm of effective 
tempernture, etc. 

geographical position either by latitude and longitude 
or by the isophanes. It has been found in practice, 
however, that computation by the adjustable calendar 
and table methods is more direct and convenient. 

Applicatims of the system. 

With the isophanal maps prepared in the manner 
described and with the computing calendars and tables 
we have a simple system by which the dates and periods 
of any periodical event, periodical practice or geographical 
limit of a species or practice can be computed from any 
given base for any other geographical position. 

I 

(5 )  Phenological disk calendar.-Sevcral methods fa- 
cilitating the computation of data have been devised, 
including a phcnological calendar (fig. 24, p. 42), which 
consists of adjustable disks with numbcm reprcscnting 
month and year dates, latitudes, longitudes, and alti- 
tudes, all at the standard intervals of the time coordinate 

date found for any 

Isophanal map of North America.-The isophanal map 
of North America north of Mexico (fig. 1) represents 
l-degree isophanes from 26 to 65 and 5-degree phenological 
meridians from 0 to 75 E. and 0 to 65 W. which form 
1- X 5-degree quadrangles €or the entire land surfwe.* 

*Through Inadvertence the merldlans in the northeast and northwest portions of 
the map, figure 1, were not contlnued st right sngiea to the Isophanes of those Of four days' By meam Of this computing the 

correspond to that Of a base portions. The error was discovered too lata to be comected.-A. D. a. 
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It will be noted that with the convorging meridians of 
longitude the northwestward curve of the isophanes 
increases rapidly from east to west while the phenological 
meridians converge toward a central line which passes 
through the region of the magnetic pole. As to whether 
or not the general converging of the meridians toward 
a center represented by the magnetic pols is a coin- 
cidence or is in conformity with a fundamental law, the 
writer will not even offer an opinion in this connection. 
It is a question for the physiographer and astronomer to 
answer. 

The northwestward trend of the isophanes- The advance 
of 8 p r h g  in the east and west.-& an examplo of tho 
application of tho system to the invcstigation of ovidcnce 

wost is found in the fact that, upon comparing the time 
of the advent of spring in southorn Florida and the 
character of the subtropical vegetation with that of 
southern Arizona and southern California, i t  is found 
that, allowing for the retarding influences in omtern 
Texas and the high elovations of westcrn Texas, 
southorn New Mesico and Arizona, the line marking 
the progress of spring will coincide with isophano 30 
much more nearly than with the 2Gth parallel of latitude 
west from Florida. It is also found that the general 
types of subtropical vegetation7 prevail in California 7 
dcgrecs north of the area of similar conditions in Florida. 
Going farther north we find that the advent of spring in 
latitude 39 along the Atlantic coast more nearly coincides 

Pza. 3.-MSp of the world on Mercator projcctlon, showin& tho rclation oC thc average annual Isothcrm through Sitka to the isophanes in tho eastcrn and mstcrn continents of the 
Northern Hemlsphorc. (Jsothermintcrpolated from Bartholomew’s Atlns, Plate I.) 

in support of the thcory of a bioclimatic law, as exprcssed 
in the isophanos, we will tako tho isophanal map of North 
America (fig. 1) and compare tho northwestern trend 
of the isophanes with tho advance of spring in the castern 
and wostern half of North America north of the 26th 
parallel; also with the progressive variations in the cli- 
mate as indicated by the progressive changes in tho 
character of plant and animal life from the subtropical 
conditions in southorn Florida and California to tho 
Arctic region. 

Evidence that the progress of spring in the western 
part of North America is in advance of that in tho east 

in time with that toward the Pacific coast in latitude 48 
than with that toward the Pacific coast in latitude 39, 
and again, allowing for the retarding influences of the 
Mississippi Basin and Rocky Mountains, tho gencral line 
of progress across tho country coincides with tho isophanes 
and widely departs from tho pardlcls of latitudo, so that 
tho advent of spring toward the Pacific coast, as com- 
pared with that toward the Atlantic, shows an advance 
in the west of about 9 degrees farther north. As we 
procced northward tho force of the evidence increases 
for we find that by the time spring has advanced in the 
east to  latitude 50 it has advanced to near the Arctic 

and that tho progross is somewhat more rapid in the - u See Evidence o[ biocllmotb regions, p. 19 and iKg. 6. 
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Circle in Alaska. This is shown particularly in the 
northern progress of the migration of certain birds, such 
as the bank swallow. 

Furthermore, when the transcontinental isotherm for 
April to duly, inclusive, is compared with the isophane 
43 and 38th parallel of latitude it is found that it follows 
far more closely the isophane than the parnllel of latitude. 
The annual isotherm which passes Lhrough Portland, Me., 
and Sitka, Alaska, closely parallels isophane 49 and, when 
we follow the course of this isotherm around the world 
(fig. 3), we find that it descends across the Pacific to 
Japan and that from northern Korea it maintains a north- 
westward course to near the Arctic Circle in Norway, so 
that on the eastern continent it is more than 20' of lati- 
tude further north in the west than in the east. This indi- 
&,eu that the same or similar northwestward trend of 
NI lines of cqual conditions-prevails*-in the northern Tcmpz- 
ate regions of both the western and eastern continents. 

Figure 4 is based on the averages ofltheireported-dates - of the beginning of winter-wheat hariest- (July 2, altif 
tude 1,000 feet, ot-Wooster, Ohio,-m explained-onLpp._14 

C .  

- -. 

departure from the latitude renching its masimum in the 
Rocky Mountains and that the isophane represents the 
average course of the departure for latitude, isophune, 
and isotherm; thus furnishing quite conclusive evidence 
in support of the time coordinate of variation for longi- 
tude, and that the climatic conditions which influence 
the time of wheat harvest are far more nearly equal along 
the isophane than along the parallels of latitude. 

The broad divergence of the average lines in the west 
is due to the different rate of departure between the area 
represented by latitude 38 and that represented by iso- 
phane 43, within a range of from five to 10 degrees of 
latitude; otherwise, both the lines of average departure 
would more nearly approximate the isothcrm, as they do 
between about longitude 87" to 102'. 

NorLhem limia of geographicat disiribu:ion of plants and 
animals.--It is in the northern limits of the distribution 
of species of plants and animals in North America, includ- 
ing cultivated crops, that we find the most forcible and 
convincing evidence that the isophanes represent far 
more nearly lines of equal biological and climatic condi- 

FJO. 4.-Dlagram illustrating thc averagc earlicr departures from the imphanal and latitudinal constants. 

and 20) and is constructed to correspond to tho lntitudes, 
longitudes, and isophancs of on isophanal mnp so fnr AS 

straight lines will permit. The uppa horixontnl line 
represents latitude 48, the lower one Int'tude 38, and the 
line running from the southeast to  the northwest corner 
represerts isophane 43. The rcrticnl lines reprcscnt phe- 
nological meridians e t  intervals of five dcgrecs with their 
num!)ers above the ltititude lino. Tho oblique lincs ropro- 
sent longitudes ut the stime intcrvals witlh their num- 
bers below the latitudinnl line. The curved linw repre- 
sent the bro:id average plus and minus departures of the 
averngc reporied nut es from the computed constant 
dates of the beginning of wheat harvest between iso- 
phanes 43 and 44 and also the departures from the dates 
between latiiudcs 38 nnd 39, comput cd from the snmc base 
for tho various average altitudes throughout the length 
of the isophane and latitude across the country. The 
isotherm €or June, July, and August is also shown. It 
will be noted that from east to west there is a more or 
less marked avernge minus (earlier) departure from lati- 
tude 38, while the departures from the igophane nre both 
minus (above) and plus (below), with the isophanal line 
representing the general average of all dcparturw. This 
shows clearly that going west there is a constant early 

tions across the continent than do the parallels of lati- 
tude. 

On figure 1 the writcr has traced, from reliable sources, 
composite lines representing the approximuie avcruge 
norihern limits of timber and a few Cultivated crops. It 
will be noted that they parallel the general course of the 
isophanes in II most striking manner. 

When wo consider all of this evidence with a full recog- 
nition of the modifying influences of the Pacific and At- 
lantic Oceans with their warm and cold currents, and of 
the Rocky Mountain and Appalachian plateaus, the 
Grctlt Plains, the Mississippi Basin,, Grcat Lakes, and 
Hudson Bag, nnd the further modification associatcd 
with tho humidity of the eastern half of the country 
and of the Pacific Slope and thc aridity of the south- 
western United States, we find that there are conflictirg 
influences favoring and opposing the maintenance of 
equal'conditioris along the isophanes. Notwithstanding 
these conflicting influences, there remains tl persistent 
countrywide northwestward trend of equal bioclimatic 
conditions. This indicates that there art) fundamental 
terrestrial influences and solar forces which are more 
powerful in shaping and maintaining the general north- 
westward course of equal conditions than are all of the 
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other opposing influences toward changing it. More 
specific evidence will be found in tho examples of iso- 
phanal rn.~ps and adjustable cnlendurs for winter and 
spring wheat and the data on which they are based. 

Evidence as related to the altitude coordinate.-1.i ttle 
argument is rcquircd to show that the rate of variation 
in rlimatic nnd biological conditions, under the influence 
of incrensing altitude, is in the same ratio as that with 
increasing latitude northward, for i t  has becn gcnerally 
recognized that such a corresponding rc4ution exists. 
This is forcibly shown in the case of high mountains 
rising abovo low valleys or sea level in n tropical or sub- 
tropical region where, +thin a distance of a few miles, 
all the climatic and biological conditions are found, from 
tropical a t  the base to arctic a t  bhe summit. Tho rate of 
this progressive change from tropical to arctic conditions 
as expressed in the average number of days between the 
dates of the first manifestation of spring a t  a low lcvel 
and the same manifestation at a high level, has been 
determined ao often that, even with the slightly varying 
results, due in most cases perhaps to difference in rcgional 
and local influences (fig. 6), i t  may be considered as 
established that, other things being equal, the general 
average is at the rate of one day to 100 feet, or the 
adopted unit of 4 days to 400 feet. 

Altitudinal and isophanal time coordinates as a measure 
of &isfanee.-Assuming that, other things being equal, the 
altit,udinal and isophanltl time coordinate rate of 4 days 
vnriation in the dates of periodical events with variation 
in geographical position is in direct proportion to the rate 
of varitttion in climatic and biological conditions, then 
the 4-day coordinate serves not only as a measure of time 
between events at two or more places but also as a 
measure of distance in latitude nnd altitude required 
for equal climatic and biological conditions. Thus the 
same climatic and biological conditions that prevail a t  
the 3,600-foot levcl on isophane 43 in West Virginia 
should be found a t  sea level, 9 degrees of latitude farther 
north on isophane 52 (fig. 7), because the difference in 
altitude is balanced by the differcnce in latitude as rep- 
resented by the isophanes. In  other words, taking a 
place at the 3,600-foot level on isophano 43 as the base, 
with April 1 as the determincd datc of a spring event, the 
plase farther north at scalcvd where the same conditions 
and date should occur for the same event would be 
(3,600+400 feet-)  9 coordinate time units which are 
equal to 9 one-degree isophanes. Thcreforc, s:nco 
9 isophancs +isophane 43 = 52, the theoretical position 
whore the conditions and dates should be equnl to those 
of the base would bo at sealovcl on isophane 52. Thus 
tho diutnnce from the base, as mrasured by thb time 
coordinate, is 0 dcgrccs of latitude farther north and 3,600 
feet lowcr. 

I n  a like manner, the climatic and biological conditions 
and tho altitude and latitude range and limits of ppecics, 
varieties, crops, dates of psriodicnl ovcnts in plants and in 
farm oporations, can be approximately determincd for 

any gcographicnl position within a climatic or biological 
region and, with corroctions for rcgiond influences, they 
can hc matlo to very closcly npproac h tho actuiJ. 

With tho isophnnw as a 5uidc to thc plnx of equal con- 
ditions uriti evcnts at any givcn level it is a simplo mattcr 
to determine the corresponding avcragc conditions and 
dates whic h, other things being equal, should be found 
a t  diffcrrnt lcrclv on caih isophune (fig. 5 ) .  

This result can be ohtaincd by direct mathematical 
computation or by mcnns of computing calendars and 
tables. 

diethod of Computation. 
me detcmnined base.-The first requisite in computing 

dates, or altitude limits, etc., is n detcrniincd base where 
the datcs have becn cstablishcd by obscrvations, experi- 
ments, or practice for a sufficicnt number of years to 
establish a reliable average. 

Computing from the base.-Taking the area represented 
by Wooster, Ohio, as the determined base for average 
dates of winter wheat seeding and harvest, the base is 
expressed as follows : 

(1) Wheat seeding general, September 20, isophane 
44b, a1 ti tude 1,000 feet above the sea. 

(2) Whcat harvest bogins July 2, isophane 44b, alti- 
tude 1,000 feet. 

1. The corresponding dato for the bcginning of whcat 
harvest on isophano 44b, altitude 3,000 feet would be 
(3,000-1,000 feet=2,000 feets100 feet to 1 day-20 
days later and July 2 + 20 days=)July 22. 

The date on isophane 34b, altitude 1,000 feet would be 
(isophane 44b - isophane 34b = 10 one-degree isophanes; 
10 isophanas x 4  (days to the isophane) =40 days earlier; 

The date on isophane 34b, altitude 3,000 foet, would 
bo: (isophane 44b - 34b = 10 x 4 =40 days earlier, and 
3,000 - 1,000 = 2,000, 2,000 + 100 = 20 days later; 40 
days early-20 days lator-20 days earlier and July 
3-20 days-) Juno 12. 

2. The date for seeding on isophane 44b, altitude 3,000 
feet, would be: (3,000- 1,000 =2,000, 2,000 + 100 = 20 
days enrlier and September 20 - 20 days = ) August 30. 

The date on isophane 34h, altitude 1,000 feet, would 
be: (isophane 44b - 34b = 10 isophancs X 4 -40 days 
later, and September 20 + 40 days = ) October 29. 

The dato on isophane 34b, altitude 3,000 feet, would 
be: (isophano 44b - 34b = 10 x 4 = 40 days later, and 
3,000 - 1,000 = 2,000, 2,000 +- 100 = 20 days earlier; 
40-20=20 days later and Soptembw 20+20=) Octo- 
ber IO, and so on for any combination of isophane and 
altitude. 

This method of computing was found to requiro too 
much time where largo numbers of places were involved, 
thorefore the phenological calendar (fig. 24) was devised 
in 1015 to b o  followed in 1017 by the computing calen- 
dars and tables by which the dosired results are obtained 
in a more rapid and economical manner, as shown in the 
tablos of figures 13, 18-23. 

July 2 -40 =)May 23. 
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APPLICATION IN THE INTESTIGATION OF SEEDING AND 

HARVESTINQ DATES FOR WJNTER WHEAT. 

The method of procedure in t.he study of the data was 
to make an isophanal map of the State under considera- 

The seeding and harvesting dates for winter wheat, as 
reported by growers from all of the States and practically 
all of the counties in the entire country where winter 
wheat is grown as an important product of the farm, 
have served as the best available examples of the appli- 
cation of the law to a study of the rates of variation in 
dates north, south, east, and west, and at  different levels 
from a determined base. 

Through the courtesy of Mr. 0. E. Baker, of the Ofice 
of Farm Management, over 40,000 reports from farmers 
on the average dates of the beginning, general, and latest 
dates of seeding and harvesting winter wheat that had 
been secured in 1914 by the Bureau of Crop Estimates 
and compiled on large State maps by the Office of Farm 
Management, were made available to the writer. 

The computed average or median datos and altitudes 
for each county were given on the maps for the counties 
from which more than one report had been received. 
Thus an abundance of data already compiled was made 
available for the investigation of two !important period- 
ical events: (1) A generally recognized natural event in 
the ripening of grain; (2) a farm practice. 

The beginning of wheat harvest is a definite periodical 
event of common recognition, the time of occurrence of 
which at different localities is controlled by continental, 
regional, and local influences of climate, weather, and 
other factors and elements which afFoct the development 
of the plant. 

The average dato of seeding is a less definite event 
which is controlled in a broad way by the same influences 
as those which control the date of harvest, but is more 
or less extensively modified by the local experience, cus- 
tom and convenience of the growers of each community. 

The reported dates of the average beginning of har- 
vest furnished the most reliable basis for comparing the 
average of the reported dates with those computed 
according to the bioclimatic law, for counties and larger 
aroas of a State. At the same time they furnished tl 

roliable guido to tho dotormination of the rates of earlier 
or later departures for regions and areas. 

Nethods of procedure.-Owing to tho special studies 
made by Webstor at Wooster, Ohio, relating to the sea- 
sonal history of the Hessian fly and his determination of 
the average safe date to sow wheat to escape its attack, 
this locality was adopted as the base from which to 
compute the comparativo aTerage dates for the seeding 
and harvesting of wheat for all othor localities and areas. 

The determined safest and best date for seeding in 
the 4 x l-degree quadrangle represented by t is base 
is September 20 and the average altitude 1,000 feet. 
The geographical position of this base is rcprosented by 
isophane 44b and phenological meridian 47, therefore 
the base is expressed as follows: Isophane 44b, pheno- 
meridian 47, altitude 1,000 foot, date September 2 0. 

tion as in figuri 2 (West Virginia), in +degree isophanes 
and l-degree phenological meridians. This gave 4 x 1- 
degrce quadrangles in which parts of one or more counties 
were represented. 

The average dates and altitude for each quadrangle 
were computed from the averages of the reported dates 
for the countios represented in the quadrangle by about 
one-fourth or more of their area. The average of tho 
reported altitudes was also verified or suppliod from 
other sources, contour maps, etc. The theoretical dates 
for the altitudes and quadrangles werc then computed 
from the base and the difference between tho reported 
and theoretical datcs determincd. All of these data 
were then tabulated for each State as in Table 1. 

The numeral designations of the isophancs and merid- 
ians served to defile and distinguish each quadrangle as 
a phenological unit area for comparison with the Wooster 
base unit. The quadrangle is defined by the isophane 
to the south and the meridian to the west of the center. 
Thus, as given in Table 1, isophane 44a (column l) ,  
meridian 48 (column 2) and average altitude 1,000 
feet (column 3), including Hancock Co., W. Va,, with 
an average reported harvest date of July 3 (column 4)  
and the computed date July 1 (column 5 )  with a plus 
departure of 2 days (column 61, shows that the reported 
date was two days later than the computed date. 

The reported general average seeding date for the 
same county was September 15 (column 4 under seeding) 
and the computcd date is September 21, giving a minus 
or earlier departure of 6 days from the computed date. 

In this manner tablos were worked out €or all of the 
States but Florida and Louisiana. 

iMethod of tabulating the data.-All data were tabulated 
as in Table 1A. The departures of the reported from tho 
computed dates were tabulated for the same altitudes on 
each isophane roprescnted (Table lB), for tho averago of 
each altitude (Table IC), and the averages for all altitudes 
and the State (Table 1D). In addition to the average 
departures for the altitudes of each State, averages were 
computed for 1 X  1, 1 x 5  and 5x5 quadrangle units €or 
the Unitcd Statcs. 

A study of these results demonstrated tho known 
superior value of the dcparturo over tho datcs as a baais 
for interpreting regional and local influences in retarding 
or accelerating the events. They are also to be preferred 
as a guide to the required positivo or negative corrections 
to the computed dates. A study of the tables shows that 
in general, where there VTLS no evidence of a prevailing 
influence tending to retard or accelerate, there was but 
s slight variation between the reported and computed 
dstes for the beginning of harvest, thus giving substan- 
tial support to the Inw as a reliable guide for forecasting 
dates of pcriodical events and bioclimatic conditions for 
any given quadrangle miit. 
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448 
44 ............... 
43? .............. 
49h .................. 
43a 
43 
422 
42b 
423 ........................ 
42 ......................... 
41c 
41b 
41a 

Comparison of the averages of reported w'th computed dates 
f o r  hurvesting and seeding winter wheat in lVcst Virgiuia. 

Tho tablc of comparisons of the averages of tho reportrd 
and computed dates of harvesting and seeding for tho 
quadranglcs in West Virginia (Tublo 1A) is given horc 
as an example of tho method of compilhg the diitu. 

TABLE 1-A.-Comparison o j  averages of reported with computed dates 
Jor harvesting and seeding winter uheat in  West Virginia. 
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TABLE l-B.-Average departures of reported from computed dates of 
beginnins of harvest. 

[Seep. le for explnnation.1 
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TABLE I-C.-Arerage de;rarlures qj rerorted from computed dam r-f 
general seeding. 
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TABLE 1-D.-Comparison of average departures for altitudes and for  
the State. 
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Explanation of Tabte IA.-Column 1 gives the numeral 
designations of tho isophanes beginning with tho one 
farthest north ( 4 4 ~ ) .  Those with tho suffix of a small 
letter are for the +degree isophanes and those without 
the suffix are for the 1-degree isophnnes. 

Column 2 gives tho numeral designations of the pheno- 
logical meridians beginning with the one farthest east 
(51). Thus (34a, 51) define tho t x 1-dope  quadrangle 
for which the computations of reported and computed 
averngos are madc. 

Column 3 gives the average altitude of the quadrangle 
on which the computed average is based. While in most 
cases the altitude was reported with the dates, mvny of 
them quite accurutoly, m m  dopcndonce was plnced on 
an estimate of the average from Stato and United States 
topographic m aps. 

Columi 4 gives the average of the reported dates for 
the coun tics reprosen tod in tho quadranglo. While mmy, 
if not mf)st, of the roportod dates tire based on a guess or 
an est;m Ita and some of them given too oarly and others 
too lato, it is believed that the general average comes 



16 SUPPLEMENT NO. 9. 

about as near to the correct average date for all seasons 
as i t  is possible to get them from correspondents. 

Column 5 gives the computed average dates for the 
quadrangles and average altitudes. 

Column 6 gives the plus, or later, departure of the re- 
ported average date from the computed average date in 

Column 7 is the minus or earlier departure of the re- 
ported from the computed. 

Columns 4 to 6 under seeding are respectively reported, 
computed, plus, and minus as for harvest. 

Departure of reported from computed dates for beginning 
of hccruest.-The average departures for altitudes are 
(Table 1B) for all isophanes and quadrangles with the 
average as given in the altitude column or, in other words, 
for all of the given average levols for each isophane across 
the State. 

The table shows that for the beginning of wheat harvest 
there is a minus departure for practically all altitudes. 
That is, the average date for the beginning of harvest 
throughout the State, giving all altitudes equal weight, 
is 2.4 days earlier than tho computed average, with a 
range from 0 to 9 days. 

Average departures for generat wheat seeding.--It will be 
noted (Table IC) that the average general date for seed- 
ing is later than the computed date, with an average for 
tho State of 5.6 days later and a general range from 0 to 
15 days, and a range in tho averages for each given nlti- 
tude of from 0.9 to 14.5 days later than the computed 
average. This generally latcr date than the computed 
safe or fly-free date is significant from the fact that prac- 
tically no damage has been reported from the Hessian 
fly since the writer’s wheat seeding calendar map was 
issued for the State in 1900, although for several years 
previous to that time serious losses were reported from 
all sections of the State. In  fact, it  would appear that 
a habit of sowing late hns been formed by wheat growers, 
specially at the higher altitudes. 

Since these computations of averages and departures 
are based on the reported dates of general seeding, it is 
plainly seen that much of it is sown too late as compared 
with the theoretical best date. 

Since there is a general early departure of the dates for 
beginning of wheat harvest from the computed dates, it 
is evident that there is a prevailing influence in the State 
which contributes to an accelerated or earlier departure 
averaging 2.4 days which is equivalent to more than 3 de- 
gree south, or an average of about 200 feet lowcr. It 
would appear, therefore, that tho computed secding dates 
should be correctod to a later date to compensate for a 
retarding influence equal to JJ degree south, or 200 feet 
lower level. But, since this requires further invcstiga- 
tions and the departure is less than four days, the map 
calendar for the State is based on the constant dates. 

In  case it is desired to make such corrections the minus 
departure for the spring event of harvest is subtracted 
from the computod date for seeding. In the case of a 

days. 

positive departure, which is cquiva_lent to a higher lati- 
tude or altitude, the amount of the departure is addcd 
to the computed date for sceding. 

Thus, sincc tlio averngc departuro in the harvest dnte 
for 500 fcet in x 1 quadninglc, 44 x 51, is -3  days and 
the computed dato for this quadrangle is September 27, 
the corrected date would be September 27 + 3 days, giv- 
ing September 30 os the correctcd date; while for the 
t x 1 degrcc quadrangle, 4413x48, altitude 1,000 fect, 
with Septcmber 21 as thc computed date and a plus de- 
parture of 2 days, tho computed date would be corrected 
by subtracting 2 days, giving September 19 as the 
corrected date. I t  is more accurate to utilize the de- 
partures for l x l quadranglcs which are determined by 
computing the average dntcs and altitudos for the t x 1- 
degree quadrangles, as 42, 42a, 42b, and 42c, between 
phcnologic meridians 48 and 49. Thus, if the average 
departure for the 1 x l-degree quadrangles, 42 x48, 1,000 
feet, is -1 day for harvest and the average computed 
seeding date for this quadrangle is September 28, the 
corrected date would be 28 + 1 =September 29. 

Comparisom of average hamrest and seeding departures 
for altitudes and the State.-In comparing the average 
departures from the computed dates (Table ID) it will 
be noted that practically all of the reported harvest dates 
are earlicr than the computed dates, and that the reported 
seeding dates are lator. NOW, to determine how much 
later the reported seeding dates are than the computed 
seeding dates by the method just described, i t  is necessary 
only to subtract the minus for harvest from the plus for 
seeding, or add the plus for harvest to the plus for seed- 
ing, as in the example given under corrected departures 
(Table 1D.) Thus i t  will be seen that even after making 
these corrections the average reported dates are still safe 
and practically all of thcm are within tho range of the 
best period. 

Tho isophanal map of West Virginia (fig. 2), together 
with Table 1, will serve as examples to illustrate the 
method of investigating the periodical events of harvest- 
ing and seeding winter wheat and the map-calendar of 
wheat seeding dates (fig. 9>, discussed further on, will 
serve as an example of the method of making the results 
of such investigations immediately available in practice. 

Figures 5 and 6 will show tho relations of elevations, 
depressions, and slopcs to plus and minus departures, and 
figure 7 will show the relation of altitude and latitude to 
the time gradients and all will illustrate graphically 
methods of expressing and interpreting the law. 

Summary of departures in the dates qf the beginning of 

When the tabulation of the data for all of the States 
was completed, after the manner shown in Tables 1A to 
lD, the departures for the beginning of wheat harvest 
were summarized and tho average computed for 1 X 5- 
and 5 ~ 5 - d e g . r ~  quadrangles for all that portion of tho 
Unitcd States covered by the reports. Averages for the 

wheat harvest i n  the United States. 
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individual States were also computed. The results were 
then transferred to isophanal maps, as shown in the maps 
(fqs. 10, 11, and 14). 

A study of the maps and figures 4 to 7 revealed some 
exceedingly interesting evidence and guides relating to 
the principle of departures and the regions of the United 
States in which general accelerating and retarding in- 
fluences prevail, as affecting ths ripening of wheat. 

should expect to find the timber line at 8,200 feet because 
of the general plus departure of 8 days which would 
reduce it by that much. In a like manner, we should 
expect to find timber line a t  about 9,600 feet on the 
highest peaks of the Uinta Mountains (k) and a t  8,600 
feet on a mountain in southern Oregon. 

Line c represents the average constant altitude for the 
highest limit of profitable winter wheat culture (table in 

5 10 15 20 25 30 35 40 45 50 55 

E’IQ. 5.-Diagram to show tho relation of altitude to the positive and negative departures from the various levels along the single isophme of 38 across the United States, 
8s influenced by general topography. 

In figure 5 the horizontal lines represent altitudes a t  
intervals of 800 feet from sealevol to 13,000 feet and the 
vertical lines represent the phenological meridians a t  in- 
tervals of 5 degrees of longitude. Thus the contour pro- 
file is enormously exaggerated, yet a t  the same time it 
preserves the relative position and altitude of the moun- 
tain and valley features. The features represented from 
east to west are: (1) The Coastal Plain; (2) the Allegheny 
and Appalachian Mountains and plateaus; (3) the Missis- 
sippi River and basin; (4) the Great Plains; (5) the Rocky 
Mountains and Pikes Peak; (6) the Colorado basin; (7) the 
Uinta Mountains; (8) the Great Basin; (9) the Southern 
Cascadas; and (10) the Pacific coast. The curved lines 
b, d, f, and h represent the regional and altitude depart- 
uresfrom the bioclimatic constants a, c, e,g. (a) Represents 
the timber line constant, 9,000; (b )  the departures from 
the timber line as influenced by regional and topographic 
features. Thus: Assume that a mountain in North 
Carolina (i) would have to be 9,000 feet to have a 
timber line corresponding to that of Mount Washington, 
then with this as the base, timber line should be- 
according to the constant (a>--at 9,000 feet on Pikes 
Peak, but instead it is a t  11,500 feet, or 2,500 feet higher. 
This’ is to be expected because the phenological records 
on plant and insect phenomena from Colorado Springs to 
timber line on this mountain show a constant minus or 
earlier departure of from 24 to 28 days from dates of 
corresponding events in the east, which would extend 
the timber line to an equivalent (at 1 day to 100 feet) 
of about 2,500 feet higher. If there were an isolated 
peak in the Mississippi Valley 9,000 feet high ( j ) ,  we 
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fq. 13) andline d the corrected line to conform with the 
influences of topography in causing departures above or 
below the constant. Levels e-g represents the constant 
range of the optimum altitudes andf-h the corrected, 
g the lower altitude constant, and h the corrected. Thus 
it will be seen that, in general, for the whole country tho 
departures from the constant for spring and early summer 
events are plus for valleys and coasts and minus for plains 
plateaus, and mountains, and the reverse for late summer 
and autumn events. Tbis relation of departures from the 
constant to depressions and elevations of land surface 
also holds for regions and minor areas down to those of a 
few acres or oven a few rods in extent, so that i t  may be 
considered as a law of.topographic influence on pheno- 
logical phenomena, due in part a t  least to inverted 
tempera tures. 

In figure 6 the horizontal lines represent the altitude 
constants for isophane 43 a t  intervals of 400 feet and the 
time constants a t  intervals of 4 days. The rate of 
departures from the time constant on north and south 
slopes will vary with the height of the elevation and 
degree of slope, also with the character of the valley or 
plateau a t  the base. Shreve has found that, for 
certain mountains in Arizona, the vegetation which is 
characteristic of certain climatic conditions extends about 
1,000 feet lower on the north than on the south slope. 
Therefore, since 1,000 feet reduced to time is equal to 
10 days, there should be a difference of 10 days between 
the same periodical event on the two slopes. Thus, if we 
take 3,000 feet as a base and May 1 as the date of a 

18 Csrnegie Inst., Wash., Publication No. 217, p. 12,1916. 
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periodical event on the south slope, we should fhd  the 
event occurring on the same date a t  2,000 feet on the 
north slope, or, on the other hand, if we find the altitude 
limit of a species a t  3,000 feet on the south, we should find 
its limit on the north slope a t  2,000 feet. Thus, we have 
in this diagram an illustration of influences which con- 
tribute to local departures fromzthe altitude and time 
constants. 

FEET 

Fro. B.-DIsgrern to show the relation of northern and southern slopos to departare> 
from the time constant of a singleisophnnc. 

The dates for the southern slope are the constants 
computed from the 3,000-foot base, while the dates for 
the northern slope are plus those of the south side for the 
same levels. 

events and altitude limits of organisms, the same date 
and limit a t  successively highei levels a t  the rate of 400 
feet to each degree of latitude. 

The horizontal lines of the diagram represent levels at 
intervals of 400 feet on pheno-meridian 50; the oblique 
lines represent altitudes of equal dates and bioclimatic 
conditions; the vortical lines, isophanes at intervals of 1 
degree; and the profile lines, the altitude of the land SUI- 

face above the sea on pheno-meridian 50 in the various 
States, from isophane 32 in Florida to isophane 54 in 
Canada. 

The dates on the lower line represent the sealevel dates 
on the base line of the diagram and for the oblique lines 
that intersect the base line above the dates. It will be 
seen that if (according to this system of expressing the 
law) the northern limit of tree growth is a t  sealsvel on 
isophane 60 it should be found a t  (a) 2,400 feet on iso- 
phane 54 and a t  (6) 4,000 feet (Mount Washington) on 
isophane 50. Then for mountains to  extend above tim- 
ber line a t  c, d, and e their altitudes would have to be 
(c) 6,000, (dl 7,600, and (e) 8,800 feet. In a like manner, 
if the northern limit of the culture ot spring wheat is at 
sealevel on’ isophane 57 the altitude limit should be found 
at the various isophanes and levels that are intersected 
by the obliquo line starting from 57. If the southern 
limit of the spruce and the Canadian Zone is a t  sealevel 
on isophane 50, it should be found, f local departures, 
at the various levels indicated by the oblique line starting 
from 50, and this is true for the mountains of West 
Virginia where the lower limit of spruce is a t  about 
2,400 feet between isophane 43 and 44 and at 3,200 on 
isophme 42. Farther south and west in North Caro- 
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FZa. l.-Diagram to show the relation of the altitude to the latitude timo gradient of 4 dsys, as applied to a topographic profile along phenological meridfan 60. 

Figure 7 shows that if we start with a given date of an 
event a t  the northern limit of a species a t  sealevel, and 
proceed southward, we should find, according to the law 
of latitude and altitude as reIated to dates of periodical 

h a  it is between 4,400 on isophane 39 and 4,800 feet on 
isophane 38. 
In a like manner, if the limit for the optimum of spring 

wheat culture is a t  sealevel on isophane 67, with May 3 
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as the date for seeding, the corresponding altitude limit 
and the same date should be at  the various levels south- 
ward as indicated by the oblique isochronal line for May 
3 beginning a t  isophane 57. 

The departures from the altitude and date constants 
should conform to the same law of topographic and slope 
influences as that mentioned in connection with the dis- 
cussion (under figs, 5 and 6) of departures from the 
altitude and time constants for the isophanes. 

Evidence of bioclimatic regions.-In a study of the dis- 
tribution of the average departures for altitudes and for 
the 1 x 1 to 5x 5 unit quadrangles and the range and 
limits of the plus and nlinus departures northwest across 
the country with the isophanes and northeast with the 
pheno-meridians, it was plainly evident that the con- 
stant departures in one direction over more or lesa ex- 
tensive regions furnish a reliable guide to the regions 
where constant influences prevail to either retard or 
accelerate periodical responses, especially as applied to 
the Iipening of wheat. 

The distlibution of the plus and minus departures 
shows that: (a) In the greater pait oi the New England 
States and along the coast southward (including New 
Jersey, southeastern Pennsylvania and Delaware, and 
northwestern Maryland, eastern North Carolinu and 
South Carolina) there is a region ot rotarding influences; 
( b )  in the Allegheny Plateau and upper coastal plain 
areas, extending to the coast in Virginia, southeastern 
Maryland, and southern South Carolina, there is a region 
o€ moderate accelerating influence; ( c )  in practically the 
entire Mississippi Basin from the Allegheny Plateau to 
the Great Plains and from the Great Lakes to the Gulf of 
Mexico there is an extensive region of prevailing, and 
quite marked, retarding influence; (d) from about the 
1,000-foot level just west of Lake Superior on pheno- 
meridian 35, tlic 2,000-foot level in northern South 
Dakota nea1 pheno-meridian 25, the 2,400- to 3,000-foot 
level through Nebraska and northwestern Eansas to 
about the 6,000-foot level in New Mexico, n0ar pheno- 
meridian 24 and to about pheno-meridian 30 in south- 
western Texas, westward across the Great Plains and 
Rocky Mountains plateaus to about longitude 115O, 
there is u region of accelerating influence; and that (e) 
westward from about the 115th meridian oi longitude, OL 
from between pheno-meiidians 10 and 15, there is a 
region of marked retarding influence which increases 
rapidly in its intensity toward the ocean as shown by the 
prevailing and radical plus departures. 

Range of departures Within the plm and minus regions .- 
Along the Atlantic coast the boundary of the region of 
retarding influence is very irregular as indicated by the 
distribution of the average plus departure and the range 
in number of days for the 1 x 5 quadrangle units. The 
greatest departure appears to be along the New England 
coast with the extremes of about 15 to 20 days in Massa- 
chusetts and on Long Island, then decreasing to about 
8 days in southern New Jersey, changing to a minus 

through southern Delaware and through Maryland 
and Virginia to northeastern North Carolina where a 
plus of about 7 days is maintained, in southern South 
Carolina where the minus reaches the coast, then along 
the southorn Georgia coast to Florida there is again a 
marked plus departure of 17 to 18 days. 

In the Appalachian and uppor Coastal Plain regions the 
range in the minus departures is comparatively slight, 
being from 1 day or less to about 4 days with the average 
at  about 2 days or less. 

In  the Mississippi Basin, the Great Lakcs and Gulf 
regions the plus departures are fairly constant with a 
slight average increase from east to west and from north 
to south, with a range from 1 day or less in the easb 
and north to  30 days in southern Texas, with the average 
near 6 days for the entire region. 

In  the Great Lakes region the range is from 1 day or 
less to 9 days with the average at about 4 days. 

In  the Great Plains and Eocky Mountains regions tho 
minus departure is fairly regular with the range from 
1 day or less to 27 days and the average close to 10 days. 

In  the Pacific Slope region the range of tho plus depar- 
ture is from 1 day in southorn Idaho to  68 days on the 
Pacific coast near Eureka, Cal., with an average for 
the whole region of about 25 days. The range for the 
immediate coastal region from near sea level to  100 mdes 
or more inland is Erom 19 days in Washington to 68 days 
in California with the average about 40 days. 

The constant character of those departures, all pointing 
in the same direction within a region, is most significant 
evidence of the existence and wide range of accelerating 
and retarding influences which must be associated with 
peculiar climatic variations from the average of the 
whole country. Thus, through a study of a single 
periodical event, we have found a guide to the com- 
paxative intensity of the influences in the various regions 
of the country which contribute to an earlier or later 
departure of tho actual average datos of the event of 
beginning of wheat harvest, from the theoretical constant. 

Investigations have shown that different species and 
varieties of plants and animals respond in 8 different 
degree to the same influences. Therefore, while these 
proliminary conclusions from tho study of wheat harvest 
apply to but one phase or event of a species and one kind 
of farm crop within a short period, it includes the average 
of many varieties and therefore should stand as a good 
guide for the study of the comparative dopartures as 
represonted by other species and crops and other lines 
of farm practice. 

Apparent contradictions qf t7w law.-It will be noted 
from tho departure maps for wheat harvest that there is 
an apparent, contradiction of the principle of earlier 
departures westward and later I eastward for an early 
summer event as applied alone to the eastern, central, 
or Pacific coast regions. But, taking the country as a 
whole, there is instead confhnativo evidence of this 
coordinate of the law. When we compare the relation 
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of the dcparturcs computed for tho quadrangles on 
isophane 43 (fig. 4), we find-by drawing a line to 
represent the plus departures south, and minus depar- 
tures north, of this isophane, a t  the rate of 4 days to the 
isophane-that the line for wheat-harvest departures 
starts nearly 2 degrees north of the isophane along the 
Atlantic coast, proceeding westward it crosses the 
isophane to the south in the Alleghenies and attains its 
southern limit in the central Mississippi Valley at  nearly 
2 degrees (or+8 days) from the isophane, then ascends 
rapidly crossing the isophane again to the north on the 
100th meridian of longitude and reaches its northern 
limit at nearly 5 degrees (or - 20 days) from the isophane. 
Then it descends and crosses the isophane again to the 
south at  the 115th meridian, continuing rapidly south- 
ward along the Pacific coast to its limit nearly 8 degrees 
(or+32 days) south of the isophane. Thus, when w0 
come to work out a general average, we find that it is 
represented by the isophane. Moreover, when we com- 
pare the departure line with that of the average scalevel 
isotherm for tho same period of spring development of 
winter wheat, we find that they closely parallel each 
othcr; while throughout there is a decided negative, or 
earlier, departure from the 38th parallel of latitude in 
codormity with the law as related to longitude. 

Forecasking the  dates of events. 

The study of harvest dates suggested the application 
of the system to forecasting datesfor harvest, secding, and 
other periodical events. It was found that by using the 
regional and seasonal departures from tho theoretical con- 
stant wc can closely approximate the actual dates of an 
event such as the be,ginning of wheat harvest, in any 
given season. In  other words, knowing the number of 
days departure of a givcn season from the average, the 
departures of the date of an event from the theoretical 
constant for a region and the date of the evcnt for the 
season at  a given base, the corresponding later or earlier 
date for any othcr place will be the computed date for the 
place plus or minus the number of days in the seasonal 
and regional departures. 

Winter wheat seeding dates.-The results of the study 
of the reported harvest and seeding dates for winter wheat 
and the recognized need of a guide to  the safest dates to 
avoid damage by the Hessian fly, and best dates t o  meet 
the climate requirements for the best yield if the fly is not 
present, suggested the application of the system to the 
preparation of map calendars of safest and best dates 
for seeding. Tho neod for such guides is plainly indi- 
cated by the wide range between the first and latest 
seeding dates reported from each county and section 
of the country where there are evidently no prevailing 
natural conditions or good reasons to justify it. I n  east- 
ern Kansas where, according to Dean,I7 the Hessian fly 
caused an estimated loss of $32,000,000 in two years 
(1915-16), it was found from the reports that the aver- 

1’ Jounz. Econ. Entom., February 1917, p. 159. 

age seeding dates up to 1914 had been very much too 
early to escape the fly. The same was found to be true 
of other States where the fly has been destructive during 
recent years, while on the other hand, in Ohio, West 
Virginia and other States where the reports show that 
the general seeding was late enough to escape attack by 
the fall generation of the fly, there has been practically 
no damage. 

It was also shown by the reported dates that a great 
amount of wheat is sown too late to make a profitable 
yield on account of winter killing and otherwise w-ealrened 
conditions of the plants in the spring. 

In  1900 the writer suggested, under the lload of “The 
period for sowing fall wheat to securc t’hc best develop- 
men6 05 the plant and yield of grain,” l* that- 

As is well known by all observing and experienced farmers wheat 
can be sown too early and too late to yield the best results. So that for 
each locality or section of the State there is a proper normal period for 
sowing wheat. 

The normal habit of the wheat plant is governed by the same natural 
laws aa those which govern its enemy, the fly, Therefore the proper 
normal period for sowing wheat to msure the best crop will vary with 
the latitude and altitude in the same or Similar proportions as that given 
for the ending of the fall swarm of the By. Taking from fifteen to twenty 
days as the normal length of the best period for sowing fall wheat, and 
aeauming that for each locality the commencing of this period is about 
one week earlier than the normal date for the ending of the fall swarm 
of the fly, and ending one week or 10 day8 after this normal date, the 
map and table not only indicate the proper time to aow wheat at differ- 
ent latitudes and sltifxdea to avoid the fly, but the best normal wheat 
sowing period for each locality. 

This suggestion has been verified by experiments in 
Kansas‘O in which experimental sowing by Headlee and 
Dean during a period of 10 years led the latter to con- 
clude: “Insummarizing the time of seeding for the greater 
part of the wheat belt it may be said that on an average 
seedbed when Hessian fly is not present in damaging 
numbers the maximum yield of wheat will be obtained 
in an average season by seeding a little earlier than the 
fly-free date.” 

In  theexparimentsof nine years to determine therelation 
of dates of seeding to injury from the Hessian fly con- 
ducted at  Columbus, Ohio, if was shownao that the average 
of the dates which gave the best yields was September 
29 or four days later than the average safe date (Sept. 25) 
as given by Webster. 

The results of experiments to  determine the relation 
of date of seeding to yiold of grain conducted €or nine years 
at Wooster, Ohio, show20 that the average date for best 
yield was September 19 or one day earlier than the safe 
datel (Sept. 20) for this locality as given by Wobster. 

In  a later bulletiP it is shown that experimental sow- 
ing at Wooster, Ohio, during a period of 14 years, 1902 
to 1915, gave the largest average yield from seeding on 
September 21-22, or an average of 13 days later than the 
dctormined fly-free or safe date (Sept. 20). This record 

18 Bulletin 87, W. Vo. Udv., Agrlc. Exp. Sta., pp. 248-247. 
19 Journ. Econ. Entom., No. 1,1817, p. 148. 
80 Bull. la5, Ohlo Exp. Statfon, low, p. 13. Table 11. 
11 M u l .  231, Ohio E.xperiment Station, 1011, p. 0. Tablo IV. 
24 Bul. 298, Ibld. 1611O.p. 400. Table IX. 
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is of ospecial importance as confirmatory evidence of tjhe 
close relation between the best and safest datos because 
during this period there was evidently no approciable 
damagc from the fly to affect the yield. 

This knowledge of the relation of the time of seeding 
winter whent to avoid injury from tho fall attack of the 
Hessian fly and otherwiso to secure a maximum yield 
shows tho irnportanco of sonio system of simplo guides 
for wheat growers, which wilI enable them to select the 
proper time or period for any locality within the United 
States where the conditions are favorable for the profit- 
able growth oE winter wheat. 
Proposition to makc. w?ideat-scci2.ing wiqi-cuzlt ndur -for all 

the StatPs. 
The greatly reduced damage by the Hessian fly follotr- 

ing the publication of a wheat-seeding map-calondar for. 
West Virginiaz3 in 1900 togother with the wgcnt need of 
increasing the wheat crop of 1018 led the writer early in 
July, 1917, to proposc that he should prepare wheat- 
seeding map-calendars for the States in which wintcr 
wheat is grown and that their publication and distribu- 
tion be such thal they would reach the farme~s in time to 
be utilized in the frill of 1917. 

This proposition was made under authority from tho 
Chief of thc Buretm of Entomology in a con€crence with 
Dr. R. A. Pearson, who had recently been appointed Assist- 
tint Secretary to take charge of the activities of the de- 
partment toward increasing the food supply. FoUowing 
the conference and tho suggestion by Dr. Pearson, the 
writer conferred with the Chief of the Offics of E7mm Illan- 
agement and Mi.. C. B. Smith of tho States Balations 
Service, in charge of the Northern Division of the Exten- 
sion Service. This conference was held in the office of the 
Chief of the Office of Farm Mmrrgement on July 6, at which 
the writer presented his proposition, which was adopted. 

By the last of July the writer had completed his part 
of the work in the preparation of maps and calendars for 
the Statos in which winter wheat is grown as a more or 
less important crop, and the computed dates of the cd-  
endars had been corrected witoh the aid of Dr. C. I?, 
Brooks, then connocted with the Office of Farm Manage- 
ment, to meet the requirements of regional influencos 
tonding to cause stwlier or later dates. 

Owing to  limited time, posters wero prepared for only 
New York, Pennsylvania, Illinois, Indiana, Nebraska, 
New Jersey, West Virginia, Oklahoma, Virginia, North 
Carolina, and Tennessee. 

The poster for North Carolina is reproduced here (fig. 8) 
to serve as an example and record of the form and the 
information conveyed. 

Wheat-seeding map-ca2endnr for vest  Viyginin, uAth 
explanations a d  instructions. 

The original explanations and instruckions that had 
been prepared to accompany the map-calendar posters 
were changed and condensed to meet the editorial re- - - 

9) BuIletin 07, W. VE. ExperImont Station. 
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quiremenfs of a poster. Therefore, it seems desirable to 
give more detailed explanation and instruct3ons in con- 
iiection with a slightly revised map-calendar for West 
Virginia to serve us ctn example of this method of malring 
the information available to wheat growers. 

The dates given in the calendar (fig. 9) are safest because, i f  the 
Sessian fly is present, wheat sown earlier than the first given date 
will be in danger of attack in the fall, and because neighboring fields 
e o n  late enough to escape in the fall will be in danger of attack in 
the spring from the flies that emerge from the early sown wheat. 

The given dates represent (other things being equal) the beat 
average time to sow wheat to secure a maximum yield, because 
observations and experiments have shown that the safest date to 
sow wheat to escape the fly when it is present is, in general, the best 
date for the development of the plant if the fly is not present. Tbe 
liest period will be within 10 days after the given dates. 

The oblique latitudinal lines on the map are drawn to represent 
one-fourth of a degree of latitude and to express the average variation 
due (according to the bioclimatic law) to latitude and longitude. 
Thus they represent theoretical lines of equal 1Joclimatic conditions 
(isophanes) at the same level. For example, i f  all the local and 
regional conditions were equal, winter wheat should be ready to 
harvest on the same date at the average altitude mywhere along 
one of these lines. 

The oblique longitudinal lines (phenological meridians) are drawn 
at right angles to the isophanes to represent 1 degree of longitude and 
with the isophanes to form + x 1 degree quadrangles. 

The isophanes and meridians are designated by a set of standard 
numbere in order that they may serve the same purpose aa the true 
parallels of latitude and meridians of longitude in defining the geo- 
graphical positions of a place or quadrangle. 

The # X 1 degree quadranglea on this map have no relation to  the 
calendar, because the given dates &re for the given altitude6 anywhere 
between two isophanal Iines for which the dates are given, However, 
when the average altitude of the area embraced in a quadrangle is 
the same as, or near to, a given altitude in the calendar the given date 
and period for that altitude will serve for the entire quadrangle. 

It should be remembered that (1) the given altitude is for a general 
average elevation above the eea and, therefore, is for comparison with 
the average altitude of a quadrangle, county, district, or local area, 
and that the d a b  are for the average season. Therefore neither the 
given altitudes or dates axe for a specific place or farm or a given 
eeason. If the altitude range for a locality or larger area is between 
1,000 feet and 1,400 feet, the average would be 1,200 feet, in wphich 
case the seeding date would be two days earlier for 1,200 feet than 
the date given for 1,000 feet and two days lator than that given for 
1,400 feet. 

(2) Owing to the variations in seasons and to variations due to l o ~ d  
influences of valleys and hills and to local weather and other condi- 
tions, thore may be a considerable local departure in the safest and 
beat date from that given in the calendar. Therefore, in the use of 
tho calendar each wheat g rohr  must be guided to  a certain extent 
by his experience and that of his neighbors aa ta an intorprotation 
of tho influonces of tho sewon, weather, and local conditions. 

(3) There are other precautions and requirements besides the dates 
and periods of sowins to avoid damage from the fall and spring attack 
of tho By and also certain requiremenix of cultural methods which are 
essential to a maximum yield. Therefore, when the wheat grower is in 
doubt aa to the minor questions and details about tho insect or the 
practice of wheat culture he ,should write to the proper State or Federal 
institution for idormation. 

To $nd the dates for any locality in the State wlme wheat is or can be 
grown.-(1) Locate the genoral position of the required area or place on 
the map and determine the average altitude of the general area. 

(i) Follow the nearest isophanal line, south of the location, t0 the 
calendar, aud find on the corresponding line the date in the column 
which is headed by the altitude neareat to the average of that of the 
local area. 
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ING DATES IN A NQRMAL SEASON 

Comparison of usual dates, reported by farmers in 1914, with the corresponding Calendar datesr 
Reported Calendar 

Northwest.. .......... .September 25 
East Central .......... November 2 

September 24 to October 4 
October 20 to 30 

Difference: In East, Reported, a week later than Calendar dates. - 
SOW AFTER FIRST DATES TO 

AVOID FLY 

The Hessian fly is not troubling 
you much now, because most farmers 
in North Carolina have been sowing 
wheat after fly-free dates. The 
Hessian fly menaces those who 
sow too early. 

plqwing, disking, or otherwise. 
Destroy all volunteer grain by 

Cooperate with your neighbors 
to sow just after the fly-free dates. 
One earfpsown field may infest all 
the others next spring. 

HOW TO FIND YOUR BEST 
SOWING DATES 

1. Find your county, then find the 
position of your farm in the county. 

2. Follow the nearest line below 
your location to the calendar on 
the right of the map 

3, On this line find your dates 
in the colwnn which is headed by 
the altitude nearest the average 
elevation of your general locality. 

IN A NORMAL SEASON, you 
should not plant before the earliest 
date, and, if possible, you should 
have the seed in the ground by the 
latest date. 

Use YQW experience and judg- 
ment in interpreting these dates to 
apply to your own conditions this 
season. 

SOW BEFORE LAST DATES TO 
AVOID WINTER KILLING 

PARED IN THE BEST POSSIBLE 
MANNER - finely pulverized and 
firmly compacted. Early pulveriza- 
tion and fallowing will conserve 
moisture and soluble plant food so 
that the wheat, even though sown 
late, will grow quickly and strongly. 

When in doubt, write to the 
State or Federal entomologist for 
information and advice on the fly; 
or to the County, State, or Federal 
authorities on agricultural practice 
for information and advice in gen- 
eraI. 

HAVE YOUR SEED BED PRE- 

Your Entomologist is FRANKLIN SHERMAN, Raleigh, N. C. 
State Extension Director: B. W. KIILGBRE, Raleigh, N. C. 

ENT OF AGRICULTURE 
SEPTEMBER, 1917 

PIO. &-Wheat-seeding map-calendar poster for North Caroliua, 
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The given date is for the earliest of the safe dates. The end of the 
best period is about 10 days later, although wheat may be, under 
favorable conditions, sowii considerabiy later with good results or a few 
days earlier th'an the given date if the fly is not present. 

(3) This map calendar is intended simply as a guide to whest growers 
in the selection of the time which on the average i likely to yield the 
best results. It is not by any means to stand as a fixed rule for specific 
Reasons, localities, or altitudes: Ita chief purpose €or the pre,sent is 
to serve as a guide to further investigations by the State entomologiats 
and agriculturibrts relating to the influence of local conditions, variation 
in seaeons and the Weather, and the date of the general emergence and 
disappearance of the Eessian fly; also as to the time of seeding which 
will yield the best local results toward the attainment of a maximum 
crop. 

Natural guides to the time to sow winter wheat. 
Sin& the time of emergence and disappearance of the Hessian fly 

in the autumh and the best time to sow wheat for the development of 
the plant is governed by the same lan- as that whiclr govorns the 

There aro doubtless other wild and cultivated plants growing, or 
that can be grown, in every locality which would furnkh in their 
periodical flowering or fruiting events elually as good, or perhaps 
better, guides to the exact time to sow wheat; to conform to the re- 
quirements 01 the Law and the departure influences of the regional 
and immediate local conditions of a l a m  or field. 

With such natural guides growing on the farm the calendar dates 
would serve as guides to the general average time and the guide plant 
would serve to indicate the more exact time for any .mwon or any local 
condition which exerted a common influonce on the crop plant, the 
insect euemy, and the guide plant. 

Therefore, every whent grower in the State should note the flowering 
or other conspicuous events in the wild and cultivated plant3 on his 
farm at the time of the calendar dates for his locality or at the earlier or 
later date whieh, on account of the season or local conditions, seems to 
be more correct, and then note the result in the comparative develop- 
ment, maturiug, and yield of the crop from seeding at different date8 
coincident, with different guida events. (See pp. 35, ffg. for further 

periodical autumn events of other life activities, we should find in the 
autumn ovents of Rome wild or cultivated plant or group of pl,ants a 
reliable natural guide to the selection of the best date and period to do 
the work. 

Special attention was givun to a study of this problem during t,he 
autumn of 1917 in connection with the writer's practical applicat,ion of 
the principle in sowing wheat 011 his own hrm. I t  wm found that the 
time when Ihe tall lategoldonrod (Solidago fillissirnu) was in full bloom 
and the flowers were nearly all fallen from the ornamental clematis 
vine (Cenmtfs panicdata) waa simultanoous with the caleiidar date for 
beginning to sow wheat in that locality, and that the time t?he flowers 
on the goldenrod begin to fade was coincident with the date. 10 days 
later or the end of tho beat period. Therefore, it is probable that, on0 or 
both of these plants will serve &ti a good guide for any other locality or 
farm within the range of winter wheA culture whore the Bpocies of 
goldenrod grows naturally or where it and the cleniiltis can be succ'ess- 
fully transplanted. If trauaplznted, the plants should be secured 
from the same or tho nearest possible loca[ityl 

discusvioii of t.he relation of periodical event3 in plants to corrospdnding 
events in fwm crops and practice.) 

Wheat-seeding rnap-calendmi for the United States. 

Tho fact that SO few of the calendar maps that had 
been prepared for d l  of the States were issued seems to 
rendor it desirable to present in this connection & sum- 
mary of the residts in tt wheat seeding map cdendar for 
t'he United St.utcs (fig. 10). 

In this cdendar the cornputod constant dates are 
given for l-degree isophaiies iiistead of the +-degree iso- 
phanes of the State maps. These dates apply to tho 
first $-degree isophane above the isophanal lilies for 
whicli tho date is given; therefore, to  bo more exact, 0110 

day is to be subtmcted from the calendar date for locali- 
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ties in each additional )-degree to the next 1-degree 
isophane north. 

The dates are to be further corrected for regional in- 
fluences by adding or subtracting the + or - number 
of days given for States in figure 12 and the 5 x 5 quad- 

1 

- ~- ~ 

FIGI. 12.-Mnp of  the United States with estimated average departures by Stat% 
for fell and late summer events. 

TABLE 2.-Estimated corrected dates and altitudes for the computing 
base employed in conztructing preliminary State calendars of winter 
wheat. 

Is* 
phanes. 

m 
49 
48 
47 

46 
45 
4s 

43 

42 

41 
40 

30 
38 

37 
36 

35 
34 

53 - 

States, altitudes, and datos. 
__ ___ - 

Malne altitudo 2M) fect Sc t 6. 
Verm&t altitude 200 fdct gc?. 10; lfanpslrire 200 feet Sspt. 10. 
~ e w  Ydrk altitude 600 fe'et, opt 14 azssac/'uaelts' 200 feet,' sc t .  14. 
Connecticxi altitude 600 feet Sept. 17; hichipun, & fect, Sept. f4; ;Ilinncaota, 

1.400 foci. SeDt. 6: Hhode 'Island. 200 feet. SeDt. 21;  isc cons in 1,000 feet, 
8ept. 10; North Dakota, 1,800 feet, Sept. 10. 

J'ennsylaania, altitude 1,400 feet, Sept. 14. 
Mmtanu, altitude 4,200 feet, Sept. 16; Neut Jerey, 800 feet, Se t. 25. 
Drlnzuare, nltitudc 200 fcet, Oct. 3; Ohio, 1,MN) foet, Sept. 2; Soxth Dakola, 

2200feet Sept 16. 
Idiho, altithdc, 3;400 feet, Sept. B; Indiana, 600 fcot scpt 27. Iowa 1 000 feet 

Sept 20. Mdryland 1 OOO feet Sspt. 20; U'ashi&lun, '1,460 feet: bept. 3d 
1Yest'Vi&nia, 1,400 bet, SO t 42. 

Illinois altitude 800 feet, Scpt %; Virgfnia, 1,400 feet, Sept. 28; Wyoming, 3,400 
iect kept. 26. 

Kenenthy, altitude 8M) feet, Oct. 8; Nebraska, 1,&00 feet, h p t .  28. 
Missoxri. altitude 600 feet. Oct, 6: North Carolina, 1,400 feet, Oct. 8; ofCgO)Z, 

2 200'fWt OCt. 6. 
l i i n s U 8  d t u d e  2 24MJ ff!!t Oct 5' Tmnessee 1 400 feet, Oct .  8. 
Colorad;, nltitudc '6,200 d t ,  Sip{. 14; So%th'C&oZina, 800 feet, Oct. 25; Ulah, 

Ar~ansas,  dltitude 1 OOO feet Oct. 14' ffeorgia 1 Mw feet Oct. 14. 
Alabama altitudc 1:ooO fed, Oct. 16; Netradb, '5,400 fe&, Sept. 15; Oklahoma, 

&isst pi' dtitnde 600 feet NO\,. 11. 
CWrforn% 2 200 fedt htitudc Oct. 5. 2,200 feet, Oct. 30; New Mezlco, 5,000 feet Oct. 2; Teraa, 

Arizono, nlktude 4,600 feet, Oct. lo; Loxislana, 2M) feet, Nov. 28. 

3.WOfeet Sept 22. 

2 200 f&t OCt. 6. 

rangle in figure 11. In addition to these corrections, as 
in those for the map calendar for West Virginia, the 
wheat grower must be guided by experience in adjust- 
ing the dates to meet the requirements of the season 
and local accelerating or retarding influences. 

It must be considered that this map calendar is for 
general average seasons, average altitudes and general 
conditions and that it is presented here merely as an 
example of the method and to serve as a guide to further 
investigations, observations, experiments, etc., relating 
to the best time to sow winter wheat with the hope that 
such investigations will ultimately lead to the develop- 
ment of more accurate calendars as applied to regional 
and local conditions. 

Corrections for regional and local depur$ures.-mile 
the map calendar of wheat seeding dates for the United 
States necessarily gives only the theoretical constants, 
these constants can be modified to more nearly coincide 
with the actual average for the various regions and States 
by adding or subtracting the estimated departures as 
given on the maps forming figures 11 and 12. In  making 
such corrections, however, it is much better to employ 
the map calendar for the United States corrected for the 
average departures for the States, as a basis for con- 
structing separate or adjustable calendars for the State 
under consider ation. 

To facilitate the selection of an arbitrary base for a 
State, until a determined one can be established, Table 
2, of corrected dates and altitude averages, is given from 
which preliminary State calendars of winter wheat 
seeding dates can be constructed. 

From this table calendars of corrected dates for an 
isophanal map of a State may be constructed (see p, 31), 
which will serve as a good working basis for investigations 
to determine facts on which to make further corrections. 

The average altitudes arid dates given in Table 2 are 
for approximately the center of a State, therefore they in- 
volve variations north, south, east and west from the cen- 
tral base The character of this variation will be indi- 
cated by the average departure for the adjoining States. 
In Nebraska, for example, ths average departure is esti- 
mated at 4-2 days, but Iowa on t,he east has - 6  days, 
Kansas on the south - 5 days, Colorado + 20 days, Wyo- 
ming + 20 and South Dakota + 6 days. This shows that 
toward the borders of the State the dates are to be 
corrected by a greater or less number of days than 
the average, especially when more accuracy is desired 
than is obtained in the results based on a State average. 
This modification from the average will have to be worked 
out from the average county or quadranFle dates of the 
beginning of wheat harvcst and from special phenological 
records, etc., in order to arrive a t  fairly reliable conclu- 
sions as to the average departures for the various local 
areas of a State. 

Alh%de 1.imits of winter wheat culture. 

The theoretical limits of profitable culture of winter 
wheat may be approximately determined for the United 
States, or a State, by means of the computing table of 
altitude limits (Table 3).  

As an example of its application we will take 3,000 feet 
on isophane 43 in West Virginia as the altitude limit base. 
Other things being equal, the corresponding limits will 
be -400 feet north and +400 feet south for each iso- 
phane. This would give us the limit a t  sea level on iso- 
phane 50b in Maine and a t  7,400 feet on isophane 32 in Ari- 
zona. But, as has been shown by the variation from the 
constant dates for harvest and seeding due to regional in- 
fluences as represented in plus and minus departures, we 
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- 
Iso- 

plimo. 

I 

Al.ti- 
tudinctl 

con- 
stant. 

Departures for regional influances. 

I___I__-_ __I .. 

2 3 

50b 
50 
59 
48 
47 
46 
45 
44 
43 
42 
41 
40 

.................................................... 
Maine 0. 
Vermont 0’ NCW Hampahire 0. 
Massach6sdtts 0 New York’  +400. 
Mchigan 0‘ b k m s i n ,  0; hnncsota, +mO; North 
Pennsg&nla +400. 
Montana +s’w. 
South Dakota,’ + 1,OOO. 
West Virginia 0; Ipaho, +2,000; U’asAingion, 0. 
Virginta, 0; &mmmng, +Z,OOO. 
Nebraska, +800. 
North Carolina, +300; Oregon, 0. 
Kansas -600. 
~o~oradb,  +Z,OOO; Utah, +w. 
Nevada, +w. .................................................... 
.................................................... 

Feet. 
0 

200 
600 

1000 
(400 
1,800 
2200 

3000 

3’800 
4:2W 

2;m 

3’400 

......... 

Dakota, 

......... 

......... 

7,800 
8’200 
8’800 
9:wo 
9,400 

......... 

+800. 

......... 

......... 

...... .-: ............................................................. ...................................................................... ...................................................................... 

...................................................................... ...................................................................... 

..................................................................... 
New Mexico, +600; CWlfornia, 0. 
Arizona, +600. 

31 
30 
29 
28 
27 

This table is given here merely as a working example 
for practice in the application of the method in connec- 
tion with a study of the problem. 

The theoretical altitude constant is for the given iso- 
phane and not for an average of a State. The given 
departures are, howover, based on estimated average alti- 
tudes for each of the given States and consequently will 
vary east and westfrom thecenter. For example,in North 

* 

Dakota, South Dakota, Nebraska, and Kansas, the plus 
departure or higher altitude increases westward and 
changes to a minus departure eastward. The fact that 
in these States the dtitude limits are toward the western 
borders, requires that the positive correction of the alti- 
tude limits be increased westward. 

The application of this table to the determination of 
comparative altitude limits in West Virginia will serve 
as an example for its application to other States. Here 
we Gnd that the higher altitudes of the State come 
between isophanes 44b and 41, with isophane 43 and 
3,000 feet as the limit base. This gives the indicated 
dtitudo limit a t  from about 2,700 feet a t  isophane 43c 
in the northeastern corner of Preston County to 3,800, 
feet on isophane 41 in McDowell County in the southern 
part of the State. 

For a more detailed computation of altitude limits €or 
a State, a separate table should be constructed with a 
corrected base as, for example, Idaho with isophane 43, 
3,000 +2,000 = 5,000 feet as the limit base, then com- 
pute and estimate from this and recorded data, the alti- 
tude limits for the other isophanes. ?’he reported avor- 
age altitudes for Idaho range from 2,400 in Bonner 
County on isophane 45a to 5,000 feet in Lcmhi County 
on isophane 42a to 6,000 in Bear Lake County on iso- 
phme 40 and Bonneville Couiity on isophane 41 and 
2,300 feet in Canyon County on isophrtne 40b. 

APPLICATION OF THE COMPUTING TABLE AND CALENDAR 

SYSTEM TO THE COMPUTATION OF DATES, PERIODS, 

LIMITB, AND OPTIMUM IN WHEAT OULTURE. 

Computing table for seeding and harvest dates and periods 

A study of the averages of the reported seeding and 
harvest dates and periods for winter wheat, as given in 
“Seedtime and Harvest,”25 and their relation to the 
isophanes on map 8 resulted in the construction of a com- 
puting table (table of fig. 13) to serve as a guide to the 
computed constant dates for seeding and harvest and 
the periods of development, for any isophane and alti- 
tude, and also to indicate the northern and southern 
isophand limits, the altitudinal limits and a theoretical 
optimum range of altitude for each isophane. 

This table is based on the theoretical constant coin- 
puted from the Wooster base, therefore the dates, alti- 
tudes and periods are subject to tho same rates of cor- 
rection for regional and local influonces as in the maps 
figures 11, 12, and 14. 

It will bo noted that the variation in dates for seeding 
and harvest aro a t  the constant rate of four days to the 
isophane and that the periods increase northward and 
decrease southward from the base at  the constaiit rate 
of eight days to the isophane. 

of development of winter 

91 For explannt.ions of computing tables, thdr construction nnd ~ ~ 0 , 8 0 0  pp. 20 to 31. 
86 Covert, J. It. Bullatin 85, ~~ureR11 of StRtifItiW, 1812. 
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It will also be noted that the theoretical northern, an optimum where, other things being equal, the wheat 
southern, and altitude limits of the profitable culture of plant should thrive best and its culture be the most 
winter wheat are indicated on this table by oblique iso- profitable. 
chrond lines. Evidences gathered from the reported Assuming that the optimum conditions for winter 
data on winter wheat indicate that, where the isophane wheat prevail in the States where the greatest m o u n t  
)r altitude &ves the computed date constants of Sep- of winter wheat is grown with the least injury from ad- 

FIG. 13.-”able lor computing seeding snd harvest dates, periods of development, Urnits and optimum lor winter wheat in the United States (Illustrating the method). 

tember 6 for seeding, July 16 for harvest and a period of 
313 days, it represents the northern and highest limit. 
In a like manner, where the isophane and altitude gives 
a constant of November 5 for seeding, April 17 for har- 
vest, and a period of 193 days, it represents the southern 
or lower h i t .  Between these two limits thore ehould be 

verse climatic conditions, we find that it is represented 
by a zone through Kansas, southeastern Nebraska, 
southern Iowa, northern Missouri, central Illinois and 
Indiana, and southern Ohio. Taking this as the base, 
other areas like eastern Kentucky and Tennessee, wsst- 
ern West Virginia, a small part of westera Virginia, a 
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considerable area northeastward through Virginia and 
extending across eastern Maryland, Delaware, and 
southern New Jersey should be included. 

FIG. 14.-Map of the Unitod States with estimated avemgo departurn, from calendar 
dates, by States for spring and early summor events. 

Taking this zone as a base from which to compute a 
theoretical constant, we find, as shown by the iso- 
chronal lines transferred from the tablo to the map 
(fig. E), that a theoretical range of the optimum can 
be computed from the table by the isophanal system and 
shown on the map by the isochronal system. 

It must be remembered, however, that the above dis- 
cussion is based on the computed constants which are 
subject to modification to meet the requirements of re- 
gional and local departures (see figs. 12 and 14). 

FIG. 15.-Map of the United States to show tho approximate mngo of the culture of 
winter wheat In tho States east ofthe Rocky Mountains. a-northern limit; b,b,-op- 
timum range; c-optimum mean: d-southern limit. 

It will be noted that the 600- to 1,000-foot levels on 
isophanes 42 and 41, embrace an extensive area through 
Virginia, West Virginia, Ohio, Indiana, Illinois, Iowa, 
Kentucky, Missouri, and Nebraska, which in fact repro- 
sents the center of the winter wheat region of the country, 
but this does not imply that advexse soil and local 
climatic conditions could not remove certain areas from 
the optimum. 

Applying the principleof computing the limits of winter- 
wheat culture and tho optimum (fig. 13) to West Virginia 
we find that the altitude limit on isophane 43 is at the 
3,000-foot level and that the theoretical optimum comes 

below 600 feet on isophane 44, 1,000 feet on isophane 43, 
and 1,800 feet on isophane 41, which in f acGi f  wee xcept 
better soil conditions-includes the best winter-wheat 
growing areas of the State. 
. As applied to a State like Kansas which comes within 
the optimum of the winter-wheat region we find that, 
according to the table (fig. 13), the theoretical optimum 
range is from between 1,000 and 2,200 feet on isophane 
40 to between 1,800 to 3,000 feet on isophans 38, but 
that, on account of the average late departure of harvest 
and corresponding early departure for seeding, amounting 
on the general average to -500 feet, the corrected 
optimum range would be from below the 1,700-foot level 
on isophane 40 to between the 1,300 and 2,500 foot levels 
on isophane 38. , 

Computing taMe for seeding and harvest dates and periods of 
development of spring wheat. 

A study of the averages of the reported seeding and 
harvest dates of spring wheat, similar to that of the win- 
ter wheat, resulted in the construction of a computation 
table to serve as a guide to further investigation of this 
interesting and important subject. 

This table, figure 16, like that of figure 13, is based on 
tho theoretical constants and is, therefore, subject to mod- 
ification to meet the requirements of regional and locd 
influences which prevail during the period of develop- 
ment. We fkd that the seeding dates are s t  intorvals of 
four days to the isophsne, while theharvest datcs,falling as 
they do in the season of transition between the accelerat- 
ing influences of the advance of spring and edrly summer 
northward and the advance of late summer and autumn 
southward, require that the rate for harvest bo reduced 
to two days per isophane. The rate of variation in the 
period of development from seeding to harvest is also 
found to be two days to the isophane, minus northward 
and plus southward. 

It is interesting to note that this course of the variation 
in the periods is just the reverse of that of the winter- 
wheat periods. The shorter spring-wheat period north- 
ward and at  high altitudes is in accord with a recognized 
law of daylight and atmospheric influences by which the 
period of development during the first half of the season 
of plant development is shorter with higher latitudes and 
altitudes in more or less direct proportion to the shorter 
seasons. The winter-wheat period is longer northward 
because of the early seeding in the late summer and early 
autumn and lato harvest in midsummer. Thus the 
influences which contribute to a shorter period of spring 
development for winter wheat after growth starts, are 
balanced by the longer autumn period from early seeding. 

Because of the optimum conditions for spring wheat 
which prevail in Minnesota the base for this table has 
been located on the contra1 isophane (47) of the State 
with the reported average date of general seeding April 
25, generd harvest August 14 and period 111 days. 
Computing from this base, and allowing for corrections 
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FIG. 16.-Table for computing seeding and harvcst dates, poriods of dcvelopmcnt, limits and optimum, for springwhost in tho United Statos. 
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to meet tho requiromonts of rogional departures, we find 
that the greater part of North and South Dakota come 
within tho optimum range. These conclusions aro signifi- 
cant from tho fact that the threo States mentioncd have 
relatively the largest average acreage of spring wheat (see 
fig. 17). 

1 

Fro. 17.--Mnp of the United States to show tho approximate range of tho culture of 
spring wheat in the States east of the Rocky Mountains. 
a, southern limit; b, optimum mngc; c, optimum mean. 

As applied to West Virginia, we find that, theoretically 
according to the table, spring wheat could be grown nny- 
where in the Stato with the thooretical optimum ranging 
from about 2,000 in the north to about 3,200 feet in the 
south; but it is ovidcnt that the local climatic conditions 
of tho lower altitudes are such that it may not pay to 
grow it  oxcopt within and near the optimum zone. 

In  Idaho the theorotical optimum, as based on the con- 
stant from below 2,600 feet in the north to between 3,800 
and 5,000 feet in the south, would be subject to the same 
corrections as for altitude limits. 

I n  the New England States in isophane 48 the theoret- 
ical optimum would bo below 1,400 feet, while in isophane 
60 i t  would bo below 600 feet and in 52 a t  sealevol. 

A comparison of the period tables for winter and spring 
wheat indicates that the range of climatic conditions 
favorable for the spring wheat optimum (figs. 15 and 17) 
begins about three degrees of latitude (as expressed in 
isophanes) north of where the optimum range for winter 
wheat ends, thus indicating that there may be many 
places where unsuccessful efforts have been made to 
grow winter wheat in areas whose bioclimatic conditions 
are more favorable for the growth of spring wheat. 
Thereforo it is believed that this computing-table and 
isochronal-map method of utilizing the theoretical con- 
stant as a basis for investigating the limits and optimums 
of wheat culture will lead to the determination of facts of 
special value in the interest of increased food supply. 
Tho theoretical constant computed according to the 
bioclimatic law will indicate the location and range of 
the favorable optimum areas and regions as well as those 
unfavorable for the profitable culture of wintcr or spring 
whoat, provided other things are equal. Then the in- 
vestigations can be concentrated in those areas indi- 
cated as favorable for spring wheat, in ordor to  deter- 

mine why they are not utilized. They may be due to 
unfavorable soil, local climate, mom profitable lines of 
farm practice, or because it has never been triod. It 
is also indicated that, by using the map calendars of 
seeding dates, computing tablas, and corrections for 
regional influences, as a guide to the best dates for seed- 
ing it  i s  possible to increase the production of winter and 
spring wheat Without increasing the area and that, by in- 
creasing the area within the range of known optimum con- 
ditions for  each, a marked increase in the general production 
may be effected at an  increased proJit to the growers. 

The preceding discussion of the tables for computing 
the seeding and harvest dates and periods of development 
for winter and spring wheat in the United States give, it 
is hoped, a good idea of the method of application of the  
law and the map-calendar system as a guide and working 
basis for research and practice, and especially as related 
to present war-time need for increased food supply. It is 
applicable not only to wheat but in a like manner to 
other crops, as the writer has found by applying it to  a 
study of seedtime and harvest dates and periods for corn, 
oats, barley, rye, buckwheat, flax, cotton, and tobacco. 

Perhaps the most important subject for fufther dis- 
cussion in this connection is the construction of the com- 
puting tables and calendars as guides to further research. 

Construction of computiw ta7iles.-The computing ta- 
bles illustrated by figures 13 and 16 differ from the map 
calendars (figs. 9 and 10) and the adjustable calendars of 
figures 19-23, in that the dates, periods, etc., are given 
only in the vertical spaces next to the first or isophanal 
number space on the left. They also differ in having 
oblique lines designated as isochronal guide lines (lines 
of equal time) (figs. 13 and 16) by means of which the 
time in days, as represented by dates, periods, etc., is 
automatically computed for tho given standard altitudes 
of any and all of the isophanes of a map to which the 
tables are to be applied. 

The following section (fig. 18) from the table in fig. 13 
will illustrate the various elements and the terminology 
of a computing table blank, including those relating to the 
base dates or optimum range and optimum niean. 

The method of procedure in constructing a computing 
table from a selected base date is first to prepare a blank 
like that on which figures 13 and 16 are constructed, then 
enter the standard altitudes in the spaces betwoen tho 
altitude lines (al.) boginning with 200 in the first space 
and continue at  intervals of 400 feet to the required 
limit for the area and subject involved. Tho isophanal 
numbers are then entered in the vortical space (I)  with 
reference to the isophanal limit of the map to which the 
table is to apply. For example, in figure 13 we havo a 
range of isophanes from 26 to 50 and in figure 16 from 
26 to 60. 

Tho position of the base in tho tsble is determined 
by its isophanal and altitudinal position on the map, 
as in the case of the (Sept. 22-June 30, period 281 days) 
Wooster base as reduced from isophane 44b to 44. The 
intersection of the isophanal base lino (b )  with altitudinal 

I 
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line (f, for the averagc altitude of 1,000 feet gives the 
position of the base date (a) in the 1,000-foot spacc on 
isophanal linc 44 and the isochronal guide line (c )  which 
intersects the isophanal line (44) a t  the 1,000-foot line 
points to the position of the base date (d )  for 200 fcct. 

- 
1 

50 

49 

- 

48 

47 

46 

45 

44 
c3a> 
43 

42 

- 
- 

I_ 

- 

41 - 
40 
39 

- 

lfisophane numbcrs; 2-nutumn dates; 3-spring dates; 4-dcvelopment poriods for 
the standard altitude of 200 feet; a?.-altltude Lines; 1Z.-isophanal lincs; 200-=stnndard 
avcrsge altitudo between seniorel and 400 fcct; CMU to 2,200-standard uverage altitudes 
at intervals of 4W feet. I n  column 1 there are 12 (39 to 50) l-degrec lsuphannl numbers 
and 1 (431)) is a )-degco isophnnal number; a-location of the base date; 6-Isophanal 
basc line; c-isochronal hase line; d-dnte nnd perijd constants of the base; e-number of 
the lsophannl base line; fl-lsophanal range of the optimum base; gg-ultitudinal rnnge 
of the optimum base; h-mean isxhrsnal line of the isophanai range of the Lptimum; 
i-mean of the altitudinal rango of the optimum;f=datc constnnts (Sept. 20 and June 
26; pcrhd 281 days) of thc northcrn nnd highost limit cf tho optimum and wrrespmding 
Isochronal guide line; k-date wnstanls (2.20.201) of the mcnn of the optlmurn and edr- 
respmding isochrmal guide line; lidtito emstants (8.14.249) of tho southern Limit of 
the optimum and CJrrespmding isJchrunal guide line. 
Fro. 18.-Diagram of elements and termfnology used in construethg 8 computing 

table. 

After tho base date is cntered in its propor placo (a) for 
the 200-foot space, the othcr dates to corrcspond to i t  
for tho ropresentcd isophanes, are entored abovo and 
belom,it as in-figure 13, etc. 

If the altitude of the base is higher or lomcr than the 
given standard, as for the Wooster base on a 1-degree 
iuophanc-and the table is bcing constructcd for 1-degree 
isophanes-both the datc for altitudc and isophane must 
be reduced to correspond to those for the standard alti- 
tude and the l-dcgrce isophanc. Thus in figure 13 whore 
tho Wooster base on isophane 44b (sccding date Scpt. 
20) is adopted, thc date for isophanc 44 is 2 days later 
(Scpt. 22) than at  44b, and for the harvcst July 2 it is 2 
dnys earlicr (Juno 30) ; and sincc the constant rate for the 
period is 8 days per isophanc the period (265 for 44b) is 
4 days shorter, giving 261 days for the pcriod. 

In  a like manner if the altitude of this base had been 
1,200 fcet for isophane 44b instead of 1,000 fect and the 
drtte July 4 instead of July 2, the date would be reduced t9 
that for the 1,000-foot standard by subtracting 2 days 
(for 200 fcet) for harvest, giving July 2 for isophane 44b 
and Junc 30 for isophane 44 a t  1,000 feet. The cor- 
responding seeding date for 1,200 feet would be Sep- 
tember 18, therefore for 1,000 fcct it would be plus 2 days, 
giving September 20, and reduced to isophane 44, the 
date would be September 22. 

The oblique lines (@Z) are designated as isochronal 
guide lines because thcy represent cqual time in dates or 
periods. It will be noted by referring to the map calendar 
(fig. 10) that the same date (e. g. bug. 29) is continuous 
along an obliqucly descending course from that date for 
the 200-foot column. With each successive isophane south- 
ward the date is 4 days later and with each successive 
addition of 400 feet to the givcn altitude, the date is 4 
days earlier. Consequently the date for an isophane 
southward and at  400 feet higher level remains tho same. 
In  other words, going south from a given isophane, the 
date for an autumn event for each succeeding isophane 
is later in direct proportion to the progressive earlier date 
with succeeding increase of 400 fcet in altitude so that 
the same datc is continuous whenever this proportion 
is maintained. Thus if tho date is August 29 on isophane 
51 a t  the 200-foot level (fig. 10) i t  will be tho same date 
on isophane 30 at  the 9,000-foot level, or on isophano 43 
at the 3,800-foot love1 and so on. 

If all dates aroomittod from thc calendar except thosefor 
the 200-foot space as in figures 13 and 16, and isochronal 
guide lincs are drawn from each date for the 200-foot level 
through tho angles of the squarcs formed by tho alti- 
tudinal and isophanal lines, the date for any given iso- 
phane and altitude will thcn be found in the date column 
at the end of the guide line that is intcrsccted by the 
isophanal line and the altitudinal line, as for esample 
isophanal line 39, altitude 2,200 fect, thc dates are Octo- 
bcr 20, Juno 2, the period 225 days in the date column. 

This form of computing tablc is available for comput- 
ing dates and periods for any cultivated plant from any 
givcn base, also for indicating altitudinal and longitudinul 
limits, range optimums, ctc., as dotermined by the dtitcs 
of periodical events, so that any dcsircd iiumbcr of such 
tables, ropresunting-as many-diff went subjects, may bo 
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constructed for use with a singlc isophanal map or list of 
isophanes and altitudes. 

Construction of the adjustable and map calendar of corn- 
puted &ates.-Tho methods of procedure in constructing 
a map-calendar are first to prepare a blank with thc hori- 
zontal lines at  the same distance apart as those of tho 
isophannl lines of the map to which it is to be applicd 
and the vertical or altitudina1 lincs of the blank at  the 
same distance apart as the horizontal oncs. 

The blank must bo long enough to include all of the 
isophanes and wide enough to include (at intervaIs of 400 
feet) the range of altitude of the region represented by 
the map or maps to which the calendar is to be attached. 

Map-calendars for an isophanal map in t x 1 degree 
isophanes (figs. 2 and 10) are constructed by first entering 
the altitudes (as in the altitude blanks, figs. 19-21), then 
the isoplianal numbers for the State are entered (as in 
figs. 13 and 1G). The base is then selected, e. g., Wooster, 
Ohio, with the beginning of whcat harvest on ,July 2. 
As applied to West Virginia (fig. 19) the base isophanc 
does not pass through the State, therefore the base date 
is reduced to the corresponding date for isophano 43 

WQ. 19.-AdJustable harvest calendar for winter wheat for West Vfrginla, with haIM- 
tlon of altftude limits, optlmum; and also the optimum lines Ior spring wheat (illus. 
tratlng the method). 

at tho same altitude (1,000 feet), as follows: Wooster 
isophane 44b, 1,000 feat minus West Virginia isophane 43, 
1,000 feet oquals 13 isophane multiplied by 4 days to 
the isophane equals 6 days earlier and July 2 minus 6 
days equals June 26 as the corresponding base date for 
West Virginia. This date is then cntcred on isophanal 
lines 43 in the 1,000 space. Then on the samc isophune 
in the altitude spaccs to the left of the base date the 
corresponding dates plus 4 days arc entored for each 
interval of 400 feet as June 22 for 600 feet and June 18 
for 200 fcet and then the dates to the right of the base 
are entered as June 30, July 4, 8, 12, 16, 30, 24, and 28. 
Whcn this is done the other dates for each altitude space 
will be plus one day for each isophanal line above the 
base line dates and minus one day below it. When' 
thus completed all of the dates as in figure 10 will be 
the computcd constants for d isophanes und d1 the 
given altitudes. Then by attaching the completed 
calendar to the map the constant for any locality in the 
State will be given. If the average altitude of II place 
is highcr or lowcr than tho given altitude the correspond- 
ing date is plus or minus one day for a diflerence of 100 
feet between the average altitude of the locality and the 
altitude nearest to i t  as given in the calendar. For 
example, if the local average altitude is 1,200 the dates 
for a spring event would be that for 1,000 feet plus 2 
days or for 1,400 feet minus 2 days and the reverse for 
an autumn event. 

The separate or adjustable calendars are constructed 
on the s m e  principle as tho map calendar, but differ in 
their availability €or as many crops or periodical prac- 
tices or events of as many species of plants or animals as 
may be desired and aU used in connection with a singlc 
isophanal map. These arc prepared without regard to 
the width of the spaces between the map isophanes, be- 
cause they are €or comparison by the isophanal numbere 
and not by continuous lines as in the map-cdendars. 

In  constructing an adjustable calendar map for a 
1 x 5 degree isophand map of the United States, or North 
America, where the base, as for Wooster, Ohio, comes on 
a 1-degreo isophane, the date must be reduced to the 
next l-degree isophane below it as described on page 29- 
30. Then proceed as before except that all dates will be 
at intervals of 4 days for the iaophancs as well as for the 
altitudes. The computed date constants for u, 1x5 
degree calendar are for the altitudes of a l-degree iso- 
phanal line to tho first *-degree isophane above it. There- 
fore, if a locality is between two 1-degree isophmal lines 
&s in the case of Wooster, Ohio, 44b between 44 and 45, 
i t  is referred to &s in isophane 44, or in isophanal zone 44; 
thus 44 to 45 would be isopliaiie 44, June 30, July 1, 2, 
to July 4 for isophane 45. Further corrections can then 
be made for differonce in altitude if it is dosirad to be 
thus exact. 

It is best, however, in the case of l-dcgree isophanal 
maps of the country or continent to adopt tho 4-day 
coordhate for each l-degree isophane ox isophanal zone, 
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lcaving the working out of more exact details in connec- 
tion with the +degree isophanal map. 

For the United States and North America the cor- 
rections of the constant date are to be made for de- 
partures due to regional influences and for the State 
maps those due to sectional or local influences, remem- 
bering that the computed theoretical constant date 
should never be taken as final unless it agrees with the 
actual. In  other words, the computed date must always 
be considered as the theoretical constant or average b y  whic5 
to measure in days the time departures due to regional and 
local injluences and the intensity of such injuences. Thus, 
the date constant serves its first purpose as a guide to 
the investigation of departures and regional or local 
influences from the results of which corrected map 
calendars may bc prepared for its final purpose of fur- 
nishing guides to farm and garden practice. 

The winteraheat harvest calendar. 

The winter-wheat harvest calendar for West Virginia 
(table of fig. 19) is given as an example of an adjustable 
State calendar for a spring and early summer event for 
a t-degree isophanal map, and to serve as a fairly good 
guide in forecasting harvest dates for the State under 
average seasonal conditions. 

According to a few available records the beginning of 
wheat harvest in the season 1917 was between 7 and 13 
days later than the average. This conclusion was based 
on reports from various parts of the country and on 
phenologkal records from vsrious stations from Wash- 
ington, D. C., to Ashland, Oreg., which indicated that the 

\ season at the time of bcginning of wheat harvest in the 
winter-wheat region, was on the average 10 days later 
than the average season, so that with this correction 
for West Virginia the corrected constant dates for 1917 
were found to come very close to the actual average 
for the season. 

Theoretical winteraheat optimum for West Virginia.- 
I n  figure 19 we find that the theoretical optimum for 
winter wheat, according to the constant as given in 
figure 18, ranges from the 600-foot level and below in the 
northern extrome of the State to between the 600 and 
1,800 foot levels in the extreme southern areas, and that 
the theoretical limit is at about 2,600 feet in the northern 
to above the highest level in the southern parts of the 
State. The range of the theoretical optimum for spring 
wheat is indicated by lines 4 and 6 on this calendar to 
show its relation to the theoretical highest limit of 
winter wheat (line 5 )  as based on figures 18 and 16. I t  
will be noted that line 5 comes within the range of'the 
optimum for spring wheat. 

These comparisons are given simply as examples of 
the application of this principle of investigation to the 
determination of the theoretical limits and optimum 
for wheat and other crops, species, etc. 

The adjustable winter wheat seeding calendar €or West 
Virginia is the same as the map calendar of figure 9. 

Adjustable computing calendar of seeding dates for 
spring wheat in West Virginia.-The adjustable caIeiidar 
of seeding dates for spring wheat in West Virginia (fig. 20) 
and the one of harvest dates (fig. 21), are given here as 

FIG. 20.-Adjustable seeding calendar for spring wheat for West Virginia, with lines to 
indicate the datesand altitudes ofoptimum conditions (toillustrate the method). 

examples of tho application of the principle to a spring 
crop and to show how such a calendar may serve as a 
guide to  investigations and experiments to determine 
the adaptability of an area or region to crops and farm 
practices different from those a t  present adopted.2e 

The theoretical optimum.-By referring to the comput- 
ing table of seeding and harvest dates and periods for 
spring wheat in North America (fig 16), it will be seen 
that the range of the theoretical optimum, which holds 
for North and South Dakota and Minnesota, passes into 
West Virginia at levels between about 2,000 and 3,200 
feet on isophane 43c in the northeastern part of the State 
t o  2,GOO feet and the highost level a t  about 42a in Poca- 
hontas, Grcenbrier, and Webster Counties in ths soulh- 
central part, with the theoretical southern and lowest 
limit for possible spring wheat culture south of the south- 

'@ Fiwres 19 to 21 are given here simply as examples of the method of constructing 
a calendar for sprins and early summer events and to 8erve as a suggestion that experi- 
ments should be tried with& and above tho lndlcnted optlmum. 
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ern border. This indicates that, with the proper selec- 
tion of varieties, i t  may be possible to grow spring wheat 
in the State, and that there is a considerable area at  and 
above the 2,000.foot level where optimum conditions 
may prevail. This is based on the assumption that a t  
the higher levels the bioclimatic conditions are the same 
as or similar to those prevailing in the great spring 
wheat region of the Dakotas and Minnesota. Whother 
or not this is true can be determined only by investigs- 
tions and experiments. The evidence that the climatic 
conditions are similar to those of some of the spring 
wheat areas is based on the writer’s personal knowledge 
of the agricultural areas in the mountainous regions of 
the State. This evidence is found in the altitudinal 
distribution of the red spruce (Picea marianu), the 
American larch and other trees and plants of the State 
which are characteristic of the Canadian life zone and 
common to the regions and altitudes within and above 
the established optimum in the States where spring 
wheat is grown successfully. 

T ABOVE SEP 

c 

SOUTHERA t 
I OPTIMUM .. 

LIMIT \ 
\ 

-JULY -------~\I.L AUGUST 
~- ~. ~ 

FIG. Il.-Adjustable harvest calendar for spring what  lor Wost Virginia. 

The average lower limit of the Canadian zone in Wcst 
Virginia, as indicated by the plant and animal life, 
rangesfrom about 2,400 or lower in the glades and high 

valleys in the northeastern part of the State in Preston 
County, to about 3,200 feet in isophnne 42 in Nicholas 
and Pocahontas Counties. This is sufficient evidence to 
warrant a t,horough investigation and experimentation 
as to the adaptability of the tillable land of the higher 
levels of the State to the culture of spring wheat, at  least 
for Iocal consumption. 

The writor knows that there is an extensive aggregate 
area in the State above 1,800 feet that is admirably 
adapted to cultivation, in which other crops, Elre buck- 
wheat, oats, and potatoes find the same optimum that 
they do in or near the areas in the north where the 
growth of spring wheat is profitable. 

It will be noted that, according to the calendar, the 
seeding dates for spring wheat within the suggested 
range of optimum conditions, as well as in other sections 
of the State, come near the dates on which spring 
oats is conimonly seeded. 

While the writer believes that spring wheat can be 
grown in many sections of West Virginia above an alti- 
tude of 1,800 feet, he would not recommend any exten- 
sive trial until experiments are conducted on a small 
scale in different localities with varieties which are most 
likely to succeed, and it is found that they give better 
results than are at  present attained from winter wheat. 
This suggestion applies not only to West Virginia but to 
all areas within theindicated optimum where spring wheat 
has not been given a fair trial. 

For the areas of the State below 1,800 feet it is evident 
that winter wheat will undoubtedly be the most profit- 
able. However, in case it is desired to experiment with 
spring wheat the calondar dates will serve as a guide to 
the time to sow and towhen the harvest maybe expected. 

It will be noticed that the harvesting dates (fig. 21) 
for practically the cnlire State come in August; hence a 
two- instead of a four-day interval to the 1-dcgree 
isophane and 400-foot altitude unit is adopted for this 
event. This two-day interval requires a different con- 
struction of the calendar from that of figure 19 in that 
intervals are one day to +degree isophanes and two days 
to 400 feet. 

Adjustable winter- and sprinpwheat harvest calendars for 
the United States. 

The adjustable vinter- and spring-wheat harvast calon- 
dars (figs. 22 and 23) are given in this connoction to serve 
as a guide to forecasting harvest dates. The given dates 
are necessarily those of the computed constant with Woos- 
tor, Ohio (isophane 44, altitude 1,000 feet, and date 3uno 
30), as the base for winter wheat and isophane 47, 1,000 
feet, in Minnesota as the bas6 for spring whcat. Thcro- 
fore, in their application to forecasting departures for 
regions and local areas as well as that for a particular sca- 
son, the departures for all must be considered and the 
necessary corrections of the constants made. 

With the examples given in the preceding discussion 
and domonstrtttions of methods of application to problems 
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FIG. P.-Adjustablo harvost calendar for spring wheat for tho United States. 
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in wheat culture, the importance of the bioclimatic law 
should be sufficiently clear to warrant its adoption in 
connection with the investigation of any periodical phe- 
nomena involving a study of variation in time with diifer- 
ent geographical position and local and regional condi- 
tions. 

SUQQESTIONS FOR INVESTIOATIONB. 

Perhaps the greatest fundamental need €or invcstiga- 
tions which have a direct bearing on €urther study, de- 
velopment and application of the law and principles out- 
lined in this paper, is in the field of phenology. A vast 
amount of phenological data beginning as early as 
1817, has boen collected in this country, but, through a 
failure to recognize tho importance of certain essential 
dotails, such as oxact localities, altitude and local con- 
ditions, designation of species, varieties, individuals, etc., 
much of it is of practically no vduc for direct comparisons 
in connection with up-to-date bioclimatic investigations 
or to mqet the requirements of present nccds. 

Properly recorded and correctly interprctcd, there is 
nothing perhaps to equal the records of the dates of 
psriodical events in plants and animals as indices to the 
bioclimatic character of a place or local area, because 
such events are in direct response, not to  one or a few, 
but to all the complex elements and €actors of the envi- 
ronment which no artificial instrument or set of instru- 
ments yet available will record. In other words, while 
species and varieties and even individuals of the same 
species and variety respond in a more or loss different 
degree to the same complex influences, there are cortain 
constant clcments in the response of individuals and 
groups of varicties and species which, if propcrly inter- 
preted, will serve as a key to the bioclimatic charactcr 
and conditions which distinguish a particular region, lo- 
cality, or place from that o€ other near-by or distant oncs. 

Therefore, in order to determine the character af an 
influence and to measure its extent or intensity as related 
to a more or less marked departure from a constant in 
the time of occurrence of important or conspicuous pcri- 
odical events in one locality or region as compared with 
that of another, we must have accurately kept records 
of the dates of such events, not only ol native wild species 
but of introduced and cultivated or domesticated species 
and varieties. 

Relation of periodical events in, plants to important events 
in farm crops and  pract.ice. 

The results of phenological investigations have led to 
the conclusion that for every kind of periodical furin and 
garden practice in which, on account of climatic and 
seasonal conditions, there is a best time to do tho work 
to secure the best results, there is usually some periodical 
event in the seasonal development of one or more specics 
of wild or cultivated plants on the farm or in the immedi- 
ate locality which will serve as a guide to this best time for 
any given locality or season. If such guido plants do 
not occur on the farm they can be found among the orna- 
mental trees and shrubs and hardy flowering plants of 

other localities or countries and transplanted. There are 
doubtless many of these ornamentals that  wiU serve the 
purpose of guides to the best time to plant and when the 
harvest may be expected and a t  the same time serve to 
supply the common need of ornamental planting around 
the Parmhouse, outbuildings, and along the fences of the 
cultivated fields. 

The periodical event of the falling of the flower catkins 
of the Carolina poplar has been found to be one of the 
best guides to the general early or late character of one 
season as compa~ed with the average, while the opening 
of the leaf buds and unfolding of the leaves serve as 
reliable guides to the progrcss of spring. 

The various magnolias in their succession of flowering 
events serve as excellent guidos to the rate of progress of 
spring and the time to do variouq kinds of work. The 
ornamental Spiraeas, Deutzias, Diervillas, climbing 
roses, and Clematis among the ornamentals and the dog- 
wood, service tree, rcdbud, and oaks among the native 
trees of the middle and eastern region of the United States 
are more or less constant in their responses to prcvailing 
locd influcnces which are indicative of the time to plant 
certain field and garden crops. Theopeningof the leaf and 
Rower buds and the Rowering of the common fruit trees 
and shrubs of almost ovcry farm serve as more or less reli- 
able guided to the time to spray for certain insect and 
plant diseases. There is, in fact, a long list of plants from 
which selections can be mado to provide a succession of 
daily events from the earliest secdtime in the spring untiI 
the ending of the seeding and harvest of autumn. 

Ono of the greatest values of these secdtime and har- 
vest guides is in the index they furnish to the character 
of the immediato local influences of climate, weather, to- 
pography, etc., which contribute bo a generally earlier or 
later departure from the date constants of a crop calen- 
dar. Thus, with the calendar to serve as a guide to the 
approximate time for a certain evcnt in practice, thc local 
indcx plant will give the exact time for any place, farm, 
or field. 

Voi-y little spccifx study has been madc in this country 
of the subject of index plants to determine their rolation 
to different periodical ovonts in €arm and garden practice, 
especially with reference to thc relative value of different 
species and varieties tm to the constancy of their periodi- 
cal responses to seasonal influences ycar after p a r .  
Therofore, it  is apparent that aniong the subjects requir- 
ing thorough systematic invostigation that of tho rela- 
tion of phenology to agriculture is among tho most im- 
port ant. 

System of phenological recordv. 
Among the rcquisites for phenological investigations is 

a uniform systcm to be followed by all investigators and 
obsorvers so far as their records relate to the essential 
events of a selected list of species and varieties. This is 
important in order that the records from all localities may 
be correlated, tabulated, and studicd with reforence to 
the investigation of broad general problems like the bio- 
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FIO. 23.-AdJustable harvest mlender for winter wheat for tho United States. 
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LmaUt~.. .................. 
Lntitu c or isophnne ....... 

climatic law and tho regional and local departuros from 
its constants. Otherwise, each investigator should work 
out and follow the system which, for particular spccios 
and line of research, seems to bo best for the attainment 
of special results. 

The writer would recommend the standard form of 
permanent 6 by 8 inches record card (Form A) : 

U. S .  Department of Agriculture. 

County.. ....................... Stntc .................. 
Longitudo or pheno-mcridian.. .. Altitudo. ............. 

l l U R U U  O F  ENTOMOLOOY, FOREllT 1N8EOT8. 

A. Phenologles1 rwrds.  Yaar _.__ 
.- - - 

Bcn Davis 
atirnur Golden 

Rddwin 

York Imperial.. 

........................................................................ 
..................................................................... 

.......................................................................... 
.................................................................. 

. Trees and shrubs, in general: 

Decfdaws. 

8. First buds oponhtg. 
b. First loaves unfolding. 
c. First flowers open, including catkins, 

d. First flowors falling, including cat- 

e. Firat winter buds fornlioe;. 
I. First seed or fruit ripe. 
g. F h t  leaves coloring. 
h. Firat leavex ialllng. 

Gunifera. 

etc. 

Bins, ctc. 

2. Herbaceous porennfds, wild or mcnltl- 

a. First appoaranco above ground, or 
flrst growLh. 

b. First flowers open. 
C. First flowers fnding or fnllLng 
d. All flowors fnded or fallen. 
e. First seod or fruit ripo. 
1. First injury by frost. 
g. All foliagc killed by frost. 

a. Fitst nppnrnnco above ground. 
b. First apparancc ofatem. 
c. First flowers open. 
d. First flowers fnding or falling. 

vnted 

3. Annuals, unrultivatod, gmorak 

8. First buds oponlng or new grow 

b. Flrst full-grown neodles. 
I?. First wh tw buds fonnlnp. 
d. First pollcn fnlliny. 
0. r,a.t p ~ u e n  mw. 

showing. 
e. All flowers hdcd or fallen. 
1. First sccd rfpc. 

4. Annuals, cuilivntod, ornamentals: 
n. First nppoarnncc nbovo ground. 
b. First flppeorance of stem. 
c. Firstflowera opm. 

4. Annunls, cultivated, ornamentnk-con. 
d. First flowcrs fadhg or fdlen. 
0. All flowcrs fndcd or fallen. 
I. First secd ripe. 
6. First injury by frost. 
h. All killad by frost. 

8. First nppcatonm above ground, or 
first growth. 

b. First flowers own. 
c. First flowors fnding or fallen. 
d. All  flowers fndcd or fnllon. 
c. First sccd or fruit ripe. 
f. FJrsL jnjury by frost, 
g. All foliage killed by frost. 

a. First plantcd. 
b. First nbovoground. 
c. First nppcnrnnco of stom. 
d. First nppcarnnce of spikc or hcnd. 
0. Ffist bloom. 
1. First bloom fading or fnllbg. 
g. All bloom fadod or fnllcn. 
h. First ripe or randy for hervest, or first 

6. PcmMinls, mtltivntod, ornamentals: 

6. Field crops, cerosls and forage, 

hnrvcst. 
i. Lnvt  harvcstcd. 

8. First plnnfod. 
b. First nppoarnnw nbove gronnd. 
c. First fruiting brnnch. 
d. First flower. 
c. First mntutc boll open. 
f .  First picking. 

7. Cotton: 

a i  
8. Wintorgrplns: 

Autumn- 
a. First plantea. 
b. Last plnntod. 
c. First nppoarnnca abovo ground. 

d. Flrstjointing. 
e. First nppoarance ofhosds. 
f. First bloom. 
g. First rlpo. 
h. First h8NeSt. 
i. Last harvest. 

Spriqc- 

9. Spring gntns: 
8. First plantad. 
b. Last plnnlod. 
c. Firstjoinled. 
6. Flrst hods.  
e. First bloom. 
f. Firstripo. 
6. First harvest. 
h. Last hnrvest. 

a. First plnntlng. 
b. Last planting. 
c. First nppenrnnce above ground. 
d. First Rowers. 
c. First tubcrs ready for uso. 
I. Vines dying normally. 
g. First harvcst. 

10. rotatoos: 

h. Idst harvest. 

I 

Standard phenologlosl events for h8eCts 

Far first and succeeding seasonal generations, from first 
activity in spring: 

a. First nppcnrnncc in spring or summer, 

b. First eggs. , 

c. First larveo. 
d. First puyrp. 

or flrst attack, first activity, EtC. 
e. First new ndults Iransformed. 
f. First omorgenco or flight. 
g. All emergod or trnnsformod to ndults. 
h. Doginning of hibornntlon or over- 

wintoring. 

Standard form A was proposed by the writer, although 
it is different in several respects from the form of blanks 
which he has used during the past 20 years aa follows: 

U. S .  Department of Agriculture. 
BUREAU O F  E N T O M O L O Q Y .  FOREST INSEOTO. 

B. Lbcallty doh. Phenologlcal Station No.. ........... 

NEAREST POST OFFICE (diSt8nW-dlIWCtiOn). ....................................... 
LATITUDE-Within 1 dcgrco. ........................................................... 
LONQlTUDE-Within a dogroe ........................................................... 
LOCAL DESrQNATlON-Il8mC Or bention by meridian, OtC., Or both. .................... 

ALTlTUDE-~boVO mean tido, wlthln 2M) feet. .......................................... 
EXPOSUHE: South-North-East-Wcst-SE .-SW.-NE.-NW ....................... 
ANGLE OF EXPOSWEE: ApproximSte degree, ...... O, or slope gentlo-steep-precipitoun 

TOPOQRAPEY: Narrow or broad valley-hilly-mountatn-narrow or broad piatem- 
distance from plntonu bordor ......................................................... 

ENVIRONMENT: Prosonm (distance from) or nbscnw of stream (siw)-hko (stze)acesn 

........................................................................................ 
SOIL: SMo-sandy-clny-loam-llght-dark-wet-dr~~~~nmp-bog.. .............. 

or arm-dcnse or opcn forest-brush-shrub-sod-barron.. .......................... 
........................................................................................ 
REXABKS. ............................................................................. 
........................................................................................ 
........................................................................................ 

NOTE.--TNS blank is intondod especinlly for permnnont observation stations, but 
nay bo used to ndvnntnge whorevor practical. Cross (X)  data corresponding to those 
of obscrvntion station or l o d t y .  Give description where such is o&ed for. 
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Phenological record. 

observer.. ..................................................... Statlon NO.. .... 

of8ce. Latitude. Longi- Date. Names of Insects and host no. ........ Locnlity. Nearest ~mt- 
lude. -- 

Catkins. I Fruit. I 

Eggs. Larva?. Pupm. Adults. Emerging. Attack. 

........................................................................................................................................................................ 

........................................................................................................................................................................ 

........................................................................................................................................................................ 

........................................................................................................................................................................ 

........................................................................................................................................................................ 

........................................................................................................................................................................ 

........................................................................................................................................................................ 

........................................................................................................................................................................ 

.................................... 

These forms (B to D) meet the requirements of econ- 
om) of time in making the entries and all printed on the 
standard card 10.5 x 18.4 cm. The events for a given 
date are indicated b) “checks” or X. They are adapted 
to general records on a number of species and events 
on the same blank or to continuous records on the 
events of a singlo species, and also available for sum- 
maries and comparisons of the records on the same species 
at many different localities, but they do not meet the 
requirements for a general standard. A full discussion 
of the subject of phenological obsorvations and records 
would roquire more space than would be allowed here 
and therefore will be deferred for a special paper. 

General biological invesligalions. 
The bio-climatic law, supplemented by the system of 

computing calendars and tables, is adapted to many lines 
of biological research, in fact practically all subjects re- 
lating to organisms which involve a comparison of the 
dates of periodical events under the different geographical 
conditions and regional and local environments affecting 
such events. 

In general, the problem of geographical distribution and 
life zones can be studied by this method with prospects of 
most satisfactory results ospecialIp as applied to altitu- 

...................................................... ................................................................................ 

dinal limits of northern and southern distribution, the 
optimum, ctc. This not only applies to  tho wild or 
indigenous species but nlso to introduced and cultivated 
or dommticated species and varieties and tho weed and 
insect pests of the farm, garden, and forest. 

Entomological investigations. 
In entomology, in addition to the l i o s  of investigation 

suggested under general biology, there are many subjects 
to which the isophanal map and computing table principle 
of research and practice is adapted. In  fact, as stated 
in the introduction, this paper is founded on invcsti- 
gations originally intended for application to cntomolog- 
ical research and practice with special reference to forest, 
entomology. It was early recognized by the writer that 
thero was need of knowledge on rates of variation in tho 
seasonal history events of an insect post with variations in 
latitude and altitude as a basis for determining the proper 
dntes and periods to begin and end control opcrations in 
dificrcnt localities within the range of its depredations. 

As compared with plants, which are stationary with 
always constant; succession in their periodical events, 
insects present much more complex and difficult prob- 
lems. This is on account of their movemcnts from place 
to pIace where the influences of local environmant are 
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dif€eront, the inconstant succession of tho periodicnl 
events in the seasonal history of somo spccies and the 
overlapping of two or more seasonal gcnorations of others, 
but it is just such complications and difficulties which 
demand the attention of the up-to-date scientific investi- 
gator and should serve to stimulate the desire and deter- 
mination to  solve them. 

In the practice of applying remedies by means of spray- 
ing with poison or contact insecticides or by cutting, 
barking, or burning tho infestcd trecs, considerable prog- 
ress has already been madc in thc methods of designating 
the timo to do the work to meet the requiremenbs of local 
conditions. 

The old style of sprsjing calendar, which gave tho 
same spraying date for an entiro Stato regardlcss of the 
variation in latitudo and altitudo, is now obsolete and, 
instead, somo periodical cvent in the plant to which the 
spray is to bo applicd is given as tho index to the time to 
do the work; thus, in conformity to phenological law, 
tho modcrn calendar applics to any latitudo or altitude. 

There is, however, much need of detailed investigation 
of the seasonal histories of the insects, in relation to tho 
periodical events in their hosts, and in other plants of 
the same environment, to determine tho index plant 
which is most constant in its periodical events as coinci- 
dent with the critical events in the seasonal activities 
of the insect. 

We have a good example of this host relationship in 
the whito pine bark louse (Pineus strobi) which has alter- 
nate hosts in the white pine and rod spruce. 

The seasonal history of the insect is so nicely adjusted 
to periodical events of each of its alternate hosts 27 that 
the vital period, as to the time to spray to kill it, is coin- 
cident with tho beginning of growth on the twigs of the 
white pine and the opening of the buds on the red spruco. 

Thus, while a map-calendar for this species will serve 
to give the approximate or average date for any locality, 
the phenological event gives the exact date for the place 
and season. 

Pathological investigations. 

It is evident that many of tho fungous and bacterial 
organisms, which produce diseases of plants, conform to 
the same bioclimatic lawns that affecting their hosts and 
are, therefore, subjoct to tho application of tho phenolog- 
ical principlo of investigation. 

Tho writer, howevcr, is not sufficiently familiar with 
this subject to warrant further discussion except to sug- 
gest that pathologists give the matter their serious con- 
sidoration. 

n On the whito pine tho inscct lives on the bark 01 tho trunk, branchcs and twigs 
whore it is protoctod through all of tho ycar, exCopt n very short period in the spring, by 
ti cowring 01 wax wool. Tho criliwl period is whcn it hetchos and is migml ing to othcr 
positions on tho bark or to  the new growth on tho twigs, which occurs at the time now 
growth starts. Part of tho brood attnlns wings and migrates to tho spluce whero thoy 
dcpwll cggs on tho needles from which young hatch and locato on tho bark of tho 
twlg. In tha apring tbcso dc\clop rapidly and lay a mass OIoggs which hatch Just as the 
Bnds aro oporung and tho youngcrawl In thobudsandlocatcat thebasc ofthoembryonic 
needles, tliiis producing cono-likc hx,Ils. All of the indhiduels which dcvclop in tho 
gdlls mlgcate back to  tho pinu und lay eggs on tho nwdles from whlch overwintering 

Investigation of agricultural economy. 

With those investigators and demonstrators who aro 
employed to render a public service through the Federal 
and State institutions established in the intorest of agri- 
culture, the ultimate object of all investigation, system- 
atic as well as economic, is application of the acquired 
new information to the economy of farm, garden and 
forestry practice in the growth, protection and utilization 
of the products, thereby increasing the supply for the 
essential need2 of tho consumers in all industrios and 
professions and meeting the fundamental rcquiremont 
of the maintcnance of armics and successful prosecutions 
of war against our enemies. Therefore, anything in the 
results of scientific investigation that has ~1 promiso of 
contributing to a morc rapid advancement of improved 
methods, greater economy, and incrcascd production is 
worthy of serious consideration and a thorough trial in 
connection with both scicntific research and practical 
appli cn tion. 

SUMMARY. 

There is in general a safest and best time for poriodicnl 
farm and garden practices to guard amgainst insects and 
diseascs and otherwise to secure the best returns from the 
expenditures of money and labor. 

By utilizing tAhe dates of poriodical evonts in the sea- 
sonal development of common plants at onc place in 
connectionwith calcndars and maps bascd on a bioclimatic 
law the corresponding safest and best dates can be ap- 
proximately determined for any place in the country 

According to the bioclimatic law there is a country- 
wide average rate of variation in the timo of occurrence 
of regular periodical events in plants and animals betwoen. 
differant geographical positions as defincd by latitudo, 
longitude, and altitude. This rato is 4 days for oach, 
one degree of latitude, 5 degrees of longitude and 400 
feet of altitude (p. 7). 

Tho results of the more rccent invcstigations, including 
a comprehensive study and comparison of well known 
facts of geographical distribution of plants and animals 
and those determined by phenological obsorvations 
together with the conclusions as to the rates of variation 
in dates of periodical events with variation in gcographi- 
cal position, as recordod in litoratura and observed by 
the writer, have furnished sufficient evidcncc to cstab- 
lish the bioclimatic law as a reliable guido and working 
basis (p. 0). 

Tsophanal lines drawn on a map in a northwestern 
course from the oastern border a t  the rato of 1 degree 
of latitude to 5 degrees of longitudo scrve as a diagra- 
matic expression of tho law as related to latitude and 
longitude of tho land surfrtce. Therefore, one of these 
lines across a map of the continent or minor political 
diyision represents, for any given level, tho same biocli- 
matic conditions and the same date for a given pheno- 

(p. 5). 

broods develop. logical event. 1 
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The isophane, together with any given level, serves as 
a bioclimatic constant by means of which the date of a 
phenological event, plus or minus departures for regional 
and local influences, can be computed for any place 
along its c6urse to correspond with that of a determined 
base. The phenological date constant thus computed 
serves also as a measure in time and distance of the 
rate of departure and the intensity of the influences 
which cause it (pp. 13 and 18). 

The departures of the actual from the computed 
constants serve as the most reliable basis for interpreting 
regional and local influences toward retarding or accel- 
erating the date of events; also as a guide to the required 
plus or minus corrections of the computed to approximate 
more closely the actual dates (p. 14). 

The county averages of over 40,000 reports, covering 
the entire wheat-growing area of the country and giving 
dates of general seeding and beginning of harvest of 
winter wheat, compared with the computed dates for 
the same counties, showed that in general there was 
but a slight difference between the reported and computed 
harvest dates (cxcept in regions where there is a marked 
retarding or accelerating influence), thus presenting 
substantial evidence in support of thc law as a reliable 
guide to the predetermination of dates of periodical 
events and bioclimatic conditions for any county or 
quadrangle unit (p. 14). 

In  general, for the whole country, the departuros for 
spring and early summer events are plus the constant 
for valleys and coasts and minus for plains, plateaus, 
and mountains, and the revcrse for late summer and 
autumn events. This relation of departures to depres- 
sions and elevations of land surfaco also holds for regions 

.and minor areas down to those of a few acres or even a 
few rods in extent, so that it may be considered as a law of 
topographic influence on phenological phenomena (p. 18). 

The constant character of the departures from the 
computed constant, all ' pointing in the same dircction 
within a region, is most significant evidence of the exist- 
ence and wide range of accelerating and retarding influ- 
ences which must be associated with peculiar climatic 
variations from the average of the whole country. Thus, 
through a study of a single periodical event, a guide has 
been found to the comparative intensity of the influences 
in the various regions of the country which contribute to 
an earlier or later departure from the theoretical con- 
stant for the actual average dates of the event of begin- 
ning of wheat harvest (p. 19.) 

Enowing the number of days' departure of a given 
season from the average, the departures of the date of 
an event from the theoretical constant for a region and 
the date of the event for the season at a given base, the 
corresponding later or earlier date for any other place 
will be the computed date for the place, plus or minus 
the number of days in the seasonal and regional depart- 
ures (p. 20). 

. 

It is wcll known that wheat can be sown too early 
and too late to yield the best results. Betwcen these 
extremes there is an optimum or best date. It hasboon 
shown by experiments that the average safe time to 
seed winter wheat to avoid scrious damage from the 
fall attack of the Hessian fly is also the best average 
time to otherwise secure the best yield of grain (p. 20). 

The period of seasonal devcloprnent of a spring crop, 
as spring wheat, is shorter with higher latitudes and 
altitudes in more or less direct proportion to the shorter 
season, whilc the period for wintcr crops, like wintcr 
wheat, is longer northward, becausc of the early sceding 
in the late summer and carly autumn and late harvest 
in midsummer (p. 27). 

There is a northern, southern, and altitudinal limit to 
the profitable culture of winter wheat and other crops, 
botween which therc is an optimum zone for the most 
profitablc culture. By mcans of computing tables these 
limits and optimums can be approximately determined 
and shown on maps to servc as a guide to research and 
practicc in determining the facts as related to regional 
and local conditions. 

Tho computing table and isochronal map method of 
utilizing tho theoretical constant as a basis for investi- 
gating the limits and optimums of wheat culture should 
lead to the determination of facts of special value in 
tho intcrcst of incrcascd food supply, since it appears 
that, by utilizing the map calendars of sceding dates, 
computing tables and corrections for regional influences 
as a guido to thc best dates for sceding, it should be 
possible to increase tho production of winter and spring 
wheat without increasing the area and that, by increas- 
ing the area within the range of known optimum con- 
ditions for onch, a marked increase in the general pro- 
duction should be effected at  an increased profit to the 
growers (pp. 25 and 29). 

Tho oxamples of map calendars and computing tablos 
demonstrate the practical application of tho law as a 
guide and working basis in research and practico, and 
especially as related to present war-time need for in- 
creased wheat supply. They are not only applicablo 
to wheat but in a like manner to other crops, as the writer 
has found by applying them to a study of seedtime and 
harvost dates and periods for corn, oats, barley, rye, 
buckwheat, flax, cotton, and tobacco (p. 29). 

The computing tables automatically compute tho timo 
in days, as represented by datos and periods, for avorago 
altitudes on or near the isophanes of a map to which 
tho tables aro to bo applied (p. 30). 

The computed datos and periods, altitude limits, 
optimums, etc., must be considered as the theorcticd 
constants or avoragos by which to moasuro in days tho 
tinio departures due to regional and local influoncos, 
and tho intonsity of such influoncos. Thus tho dato 
constant sorvos its first purpose as a, guido to tho invosti- 
gation of dopartures and regional or local iduoncos, 
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from the results of which corrected map calendars may 
be prepared for their final purpose of furnishing guides 
to farm and garden practice (p. 32). 

The seeding and harvest datos for spring wheat in 
West Virginia are given in the adjustable calendars as 
axamples of the application of the principle to  a spring 
crop and to show how such a calendar may serve as 
a guido to invostigations and experiments to determine 
tho adaptability of an aroa or region to crops and farm 
practices din'ercnt from those at  prosont adopted (p. 33). 

With the esamplos givon and tho demonstrations of 
methods of application to problems in wheat culturo, 
the importance of tho bioclimatic law should be suffi- 
ciently clear to  warrant its adoption in connection with 
the investigation of any poriodical phonomona involving 
a study of variation in timo with different goographical 
position and local and regional conditions (p. 32). 

Properly rocordod and correctly interprotod, there is 
nothing porhaps to oqual tho records of tho datos of 
poriodical ovonts in plants and animals as indicos to 
tho bioclimatic charactor of a placo or local aroa, bocauso 
such ovonts aro in diroct response, not to one or a few 
but to all the complex elaments and factors of the 
onvironment, including climato, which no artificial 
instrument or set of instruments yet avdable  will 
rocord (p. 35). 

Every farmer and gardoner should noto the flowering 
or othor conspicuous ovonts in the wild and cultivatod 
plants on his t a m  at tho time of the onrliost, latost, 
and calondar dates of planting, and then noto the result 
in tho comparativo dovolopmont, maturing, and yiold 
of tho crop from planting on tho datos which wore coin- 
cidont with those of cortnia noted events (p. 23). 

One of the greatest vaIues of these natural seedtime 
and brlrvost guides is in the index they furnish to the 
character of the immediate local influences of climate, 
weather, topography, etc., which contribute to a gen- 
orally earlier or later departure from the date constanb 
of a crop calendar. Thus, with the calendar to serve as 
a guido to the approximate time for a certain event in 
practice, an established index plant will give tho oxact 
timo for any place, farm, or field. 

Among tho requisitos for phonological investigations 
is a uniform system to be followed by all investigators 
and observors so far as thoir records rolate to the essential 
events of a selected list of specios nnd varioties. This 
is important in ordor that the records from all localities 
may be correlated, tabulated, and studied with reference 
to tho investigation of broad general probloms like the 
bioclimatic law and the rogional and local departures 
from its constants (p. 35, 37). 

The old stylo of spraying and planting calendar, which 
gave tho same date of operation for an cntiro State, 
rogardless of tho variation in latitude and altitudo, is 
now obsolete and, instead, somo periodical event in the 
plant to  which tho spray is to be applied is givon as 
the index to the time to do the work. Thus, in con- 
formity to the bioclimatic law, the modorn calendar 
applies to any given latitude or altitudo (p. 39). 

Tho discussion in this paper relating to the application 
of the bioclimatic law to research and practice is not 
intended as oven an attempt to solve any crobloms 
in agriculturo, but merely to describe and givo oxamplos 
of a system and methods by which many of the problems 
can be solved. 



42 SUPPLEMENT NO. 9. 

~ologlral dlrk calendar for the computation of datw nnd altltuda limits from latitudc, longitude and altitude, and Ircm la0 nnd altltnda. 

0 
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